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UPON 

COLOURS. 


SECT.  I. 

I I S often  thought  that  a diverfity  of  colours  conftantly  argues  j)iverfityofco- 
an  equal  diverfity  in  the  nature  of  the  bodies  wherein  they  re-  lours,  what  it 
fide : but  I cannot  wholly  give  into  this  opinion.  For  not  to 
JL  mention  changeable  taffaties,  the  blue  and  golden  feathers  on 
the  necks  of  pigeons,  and  feveral  water-fowl,  natural  and  artificial  rain- 
bows, &c.  the  colours  whereof  philofophers  call  not  real,  but  apparent; 
we  fee  that  the  contiguous  feathers  in  various  birds  are  fome  of  them  red, 
others  white,  blue,  yellow,  &c.  and  that  in  feveral  parts  of  the  fame 
feather  there  is  frequently  the  greateft  difparity  of  colours  : fo  in  tulips, 
july- flowers,  and  other  vegetables,  even  feveral  parts  of  the  very  fame 
leaf  are  frequently  found  of  different  dyes;  tho*  no  difference  is  obferved 
in  their  other  properties.  And  fuch  a variety  we  have  much  more  remar- 
kably in  the  marvel  of  Peru ; for  of  the  great  profufion  of  fine  flowers 
which  that  gaudy  plant  affords,  I have  fcarce  obferved  any  two  dyed  per- 
fe&ly  alike.  But  tho’  fuch  particulars  keep  me  from  affirming,  that  a 
diverfity  of  colours  always  denotes  fome  great  difference  in  bodies,  yet  that 
it  often  fignifies  confiderable  alterations  in  the  difpofition  of  their  parts, 
appears  from  the  extra&ion  of  tin&ures,  wherein  the  change  of  colour  is 
the  chief,  and  fometimes  the  only  thing  by  which  the  artilt  regulates  his 
procedure  in  their  preparation.  Inftances  of  this  are  alfo  obvious  in  feve- 
ral forts  of  fruit,  wherein  according  as  the  vegetable  fap  is  ripened,  by 
paffing  from  one  degree  of  maturation  to  another,  the  external  part  of 
Vol.  II.  B the 


2 Experiments  and  Obfervations 

Physics,  the  fruit  changes  from  one  colour  to  another.  A lefs  obvious  inftance 
of  this  kind  is  afforded  us  by  the  method  of  tempering  fleel  for  gravers, 
drills,  fprings,  &c.  which  is  this.  Firft,  the  fteel  to  be  tempered  is  har- 
dened, by  heating  it  in  glowing  coals,  and  not  quenched  as  foon  as  taken 
from  the  fire,  but  held  over  a bafon  of  water  till  it  defcend  from  a white 
heat  to  a red  one  ; when  ’tis  immediately  quenched  in  cold  water.  The 
fteel  thus  hardened  will,  if  it  be  good,  look  whitifh  ; and  being  brigh- 
ten’d at  the  end,  and  held  in  the  flame  of  a candle,  that  the  bright  end 
may  lie  about  half  an  inch  diftant  from  the  flame,  it  will  fwiftly  pafs  from 
one  colour  to  another,  as  from  a bright  yellow  to  a deeper  and  reddifh 
yellow,  from  that  to  a fainter  firft,  and  then  to  a deeper  blue  •,  each  of 
which  fucceeding  colours  argues  fuch  a change  made  in  the  texture  of  the 
fteel,  that  if  it  be  taken  from  the  flame,  and  immediately  quenched  in  tal- 
low, whilft  it  is  yellow,  it  will  be  of  fuch  a hardnefs  as  fits  it  for  drills  ; 
&c.  but  if  kept  for  a few  minutes  longer  in  the  flame,  till  it  turns  blue,  it 
becomes  much  fofter  and  proper  to  make  fprings  for  watches ; which  are 
therefore  commonly  of  that  colour  •,  laftly,  if  you  keep  the  fteel  in  the  flame 
after  the  deep  blue  has  appeared,  it  will  grow  too  folt  even  for  penknives. 
Any  perfon  may  eafily  fatisfy  himfelf  of  the  different  hardnefs  of  fteel  of 
different  colours,  either  by  the  file,  or  by  breaking  fome  flender  wires  thus 
tempered,  and  obferving  how  they  vary  in  point  of  brittlenefs. 

Colour i what ? ^ But  before  we  defcend  to  a more  particular  confideration  of  our  fub- 
je<ft,  5 tis  proper  to  obferve,  that  colours  may  be  regarded  either  as  a qua- 
lity refiding  in  bodies  to  modify  light  after  a particular  manner,  or  elfe 
as  light  itlelf  fo  modified  as  to  ftrike  upon  the  organ  of  fight,  and  caufe 
the  fenfation  we  call  colour  ^ and  that  this  latter  is  the  more  proper  accep- 
tation of  the  word  colour,  will  appear  hereafter.  And  indeed  it  is  the 
light  itfelf,  which  after  a certain  manner,  either  mixed  with  fhades,  or 
otherwife,  ftrikes  our  eyes,  and  immediately  produces  that  motion  in  the 
organ  which  gives  us  the  colour  of  an  objedt.  * Yet  becaufe  there  is  in  the 

* The  words  of  Sir  Ifaac  Newton  excel- 
lently clear  and  illuftrate  this  matter.  “ The 
homogeneal  light  and  rays  (fays  that  great 
“ phitofopher)  which  appear  red,  or  rather 
make  obje&s  appear  fo,  I call  rubrific,  or 
red-making;  thofe  which  make  objedts 
“ appear  yellow,  green,  blue,  and  violet, 

I call  yellow-making,  green-making,  blue- 
u making,  violet-making,  £sY.  And  if  at 
“ any  time  I fpeak  of  light  and  rays  as  co- 
“ loured,  or  endued  with  colours,  I would 
M he  understood  to  fpeak  not  philofophically 
]]  anc*  Pr°perly,  but  grofly,  and  according 
<4  u°  concephons  as  vulgar  people  would 
t(  he  apt  to  frame.  For  the  rays,  to  fpeak 
**  properly)  are  not  coloured.  In  them  there 
is  nothing  elfe  than  a certain  power  and 


“ difpofition  to  ftir  up  a fenfation  of  this  or 
“ that  colour;  for  as  found  in  a bell,  or  mu- 
“ fical  firing,  or  other  founding  body,  is  no- 
“ thing  but  a trembling  motion,  and  in  the 
“ air  nothing  but  that  motion  propagated 
“ from  the  objedl,  and  in  the  fenforium  ’tis 
“ a fenfe  of  that  motion  under  the  form  of 
“ a found  ; fo  colours  in  the  objedl  are  no- 
“ thing  but  a difpofition  to  refledV  this  or 
“ that  fort  of  rays  more  copioufly  than  the 
“ reft  : in  the  rays  they  are  nothing  but 
“ their  difpofitions  to  propagate  this  or  that 
“ motion  into  the  fenforium,  and  in  the 
“ fenforium  they  are  fenfations  of  thofe  mo- 
“ tions  under  the  forms  of  colours.  Newton. 
Optic,  p.  108,  109. 
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coloured  body  a certain  difpofition  of  the  fuperficial  particles  to  fend  the  Physics. 
light  reflected  or  refraded  to  our  eyes,  colour  may  alfo,  in  fome  fenfe,  be 
faid  to  depend  upon  the  vifible  body  ; and  therefore  I fhall  not  reject  the 
popular  form  of  fpeaking  of  colours,  provided  we  may  have  recourfe  occa- 
flonally  to  the  diflindtion  laid  down.  But  Rill  colour  is  fo  far  from  being 
inherent  in  objedts,  that  light  itfelf  produces  the  fenfation  only  as  it  caufes 
a determinate  kind  of  local  motion  in  lome  part  of  the  brain  ; for  if  the 
like  motion  happen  from  any  other  caufe,  wherein  the  light  is  unconcerned, 
a man  fhall  think  he  fees  the  fame  colour* **.  Thus  it  is  ufual  in  dreams  to 
fancy,  we  behold  coloured  images ; and  the  Rrange  imaginations  of  di- 
ftradted  perfons,  with  the  flafliings  of  light,  and  other  appearances,  upon 
fome  diforders  of  the  brain,  farther  confirm  this  particular. 

The  like  effedt  may  alfo  be  produced  from  internal  caufes  which  affedt 
the  opcic  nerve  •,  for  I remember  in  myfelf  that,  upon  coughing  with  vehe- 
mence, fudden  flafhes  of  vivid  flame  have  appeared,  as  it  were,  before 
my  eyes"f.  And  a lady,  to  whom  I am  related,  aflured  me,  that  all  the 
objedts  of  her  fight,  once,  of  a fudden,  appeared  of  various  unufual  co- 
lours, furprizingly  bright  and  vivid  *,  which  fymptomwas,  the  next  day, 
followed  by  a fit  of  the  hyfieric  difeafe.  The  like  fymptom  a phyfician 
alfo  informed  me  he  had  obferved  to  be  a certain  prognoflic  of  the  plague, 
in  a feafon  when  that  difiemper  raged  ; but  that  it  generally  went  off  after 
the  exhibition  of  an  emetic.  As  an  appearance  of  colour  may,  there- 
fore, be  produced  by  internal  motions,  without  the  aflifiance  of  an  ex- 
ternal objedt ; fo  the  colour,  which  would  otherwife  be  produced  by  an 
outward  objedt,  may,  poflibly,  be  fometimes  changed  by  a motion  or  new 
texture  in  the  organ,  as  long  as  that  motion  or  new  difpofition  continues. 

Thus  I have  often  obferved,  upon  looking  at  the  fun  thro’  a telefcope, 
darkened  fo  as  to  make  the  fplendor  of  that  luminary  fupportable,  the  im- 
preflion  upon  the  retina,  would  neverthelefs  be  fo  vivid  and  permanent, 
that  if  afterwards  I turned  the  eye,  therein  made  ufe  of,  towards  a 
flame,  it  would  appear  of  a colour  very  different  from  its  natural  one. 


* ’Tis  certain,  that  whenever  the  fame 
eye  is  affe&ed  twice  alike,  vifion  will  be  the 
fame  in  both  cafes ; but  different  when  the 
eye  is  differently  affe£led.  And  this  is  a juft, 
not  an  imaginary,  foundation  for  diftinguifti- 
ing  red  light  from  blue,  yellow  from  green, 
OrV.  for  that  is  properly  a red  light  which  ex- 
cites in  us  the  idea  of  red,  a blue  which  ex- 
cites in  us  the  idea  of  blue,  &c.  Thefe  fe- 
veral  colours,  therefore  differently  affeft  the 
eye,  and  confequently  have  different  difpo- 
fitions. 

f To  this  purpofe  Sir  Ifaac  Nezvton 
fpeaks  thus : “ When  a man  in  the  dark, 

**  fays  he,  prefTes  cither  corner  of  his  eye 
“ with  his  finger,  and  turns  his  eye  away 
“ from  his  finger,  he  will  fee  a circle  of 
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“ colours  like  thofe  in  the  feather  of  a pea- 
“ cock’s  tail.  If  the  eye  and  the  finger  re- 
“ main  quiet,  thefe  colours  vanifh  in  a fe- 
“ cond  minute  of  time  ; but  if  the  finger 
“ be  moved  with  a quavering  motion,  they 
4t  appear  again.  Do  not  thefe  colours  arife 
“ from  fuch  motions  excited  in  the  bottom 
“ of  the  eye  by  the  preffure  and  motion  of 
“ the  finger,  as  at  other  times  are  excited 
“ there  by  light  for  caufing  vifion  ? And 
“ do  not  the  motions,  once  excited,  conti- 
“ nue  about  a fecond  of  time  before  they 
“ ceafe  ? And  when  a man  by  a ftroke  upon 
“ his  eye  fees  a flafh  of  light,  are  not  the 
“ like  motions  excited  in  the  retina  by  the 
“ ftroke  ?”  Nezvton.  Opt.  p»  321,  322. 
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Physics.  And  if  I feveral  times  fucceflively  (hut  and  opened  the  fame  eye,  this 
new  colour  Teem’d  changed  or  impaired  by  degrees  ; till  at  length  the  flame 
appeared  to  me  of  the  fame  colour  it  did  to  other  fpe&ators.  The  like 
effect  I have  alfo  found  by  looking  upon  the  moon,  when  near  the  full, 
thro’  a telefcope,  without  employing  a coloured  glafs  to  defend  the  eye. 
And  here  ’tis  remarkable,  that  tho’  my  right  eye,  with  which  I looked 
thro’  the  telefcope,  were  thus  affedted  by  the  light,  yet  if  I fhut  that  eye, 
and  looked  upon  the  fame  objedt  with  the  other,  it  appeared  of  its  ufual 
colour  ; but  if  I again  opened  and  made  ufe  of  the  dazzled  eye,  the  vivid 
adventitious  colour  would  again  return.  ’Tis  further  obfervable,  that  a 
vehement  blow  upon  the  organ  of  vifion,  efpecially  if  it  be  naturally  weak, 
may  for  a long  time  vitiate  the  adtion  of  vivid  objedls.  I know  a lady  of 
unqueftionable  veracity,  who  having,  by  a defperate  fall,  received  feveral 
hurts,  and  particularly  a confiderable  one  near  her  eye,  had  her  fight  fo 
difordered,  that  the  next  morning,  when  one  of  her  fervants  came  to 
her  bed-fide,  his  clothes  appeared  adorned  with  fuch  a variety  of  dazzling 
colours,  as  prefently  obliged  her  to  command  him  to  withdraw  \ and  even 
the  images  in  her  hangings  did,  for  many  days  after,  appear  to  her,  if 
the  room  were  not  greatly  darkened,  embelJifhed  with  feveral  offenfively 
vivid  colours,  which  nobody  elfe  could  fee  in  them.  She  faid  alfo,  that 
fhe  fometimes  thought  (he  faw  colours  fo  new  and  glorious,  that  they  were 
of  a peculiar  kind,  and  fuch  as  fhe  could  not  defcribe,  by  their  likenefs, 
to  any  fhe  had  feen  either  before  or  fince  ; and  that  white  objects  greatly 
difordered  her  fight ; that  for  feveral  days  after  her  fall,  if  fhe  looked  up* 
on  the  infide  of  a book,  fhe  fancied  fhe  there  faw  colours  like  thole  of  a 
rainbow.  And  even  when  fhe  Teemed  pretty  well  recovered,  and  left  her 
chamber,  happening  to  come  into  a place  where  the  walls  were  white, 
they  appeared  to  her  of  fuch  dazzling  colours  as  much  offended  her  fight. 
She  added,  that  this  diforder  of  her  eyes  lafted  for  five  or  fix  weeks ; tho? 
fince  that  time  fhe  hath  been  able  to  read  and  write  confiderably,  without 
finding  the  leafl  inconvenience.  A man  of  great  learning  coming  to  ad- 
vife  with  me  about  a diftemper  in  his  eyes,  told  me,  that  having  once 
looked  too  attentively  upon  the  fun  thro’  a telefcope,  without  a dark  glafs, 
the  excefs  of  light  fo  ftrongly  affedled  his  eye,  that  ever  fince,  when  he 
turns  it  towards  a window,  or  any  white  objedt,  he  fancies  he  fees  a globe 
of  light  about  the  fame  bignefs  the  fun  then  appeared  to  him  ; tho’  it  were 
now  ten  years  fince  he  firft  obferved  it.  ’Twere  eafy  from  fome  remark- 
able fymptoms,  obferved  by  Epiphanius  Ferdinandus , in  perfons  bitten  by 
the  tarantula,  to  fhew,  that  without  any  change  in  the  objedt,  an  altera- 
tion in  the  inflrument  of  vifion  may,  for  a great  while,  make  fome  colours 
appear  delightful,  and  others  difagreeable,  and  both  to  a high  degree ; 
tho’  they  had  no  fuch  effedts  before.  But  thefe  already  mentioned  may 
iuffice  for  our  prefent  purpofe. 

We  before  obferv’d,  that  colour  may,  notwithflanding  all  this,  be 
confider’d  as  a quality  refiding  in  the  body  faid  to  be  colour’d  \ and  indeed 
moft  of  the  following  experiments  refer  to  it  principally  under  that  notion. 

For 


upon  Colours.  5 

For  there  is  in  colour'd  bodies,  and  chiefly  in  their  fuperficial  parts,  a cer-  Physics. 
tain  difpofltion  whereby  they  difturb  * ** the  light  that  comes  from  them  to 
our  eye,  fo  as  to  make  that  diftinft  imprefllon,  upon  whofe  account  we  fay 
the  vifible  body  is  either  white  or  black,  red  or  yellow.  But  becaufe  we 
fhall  hereafter  more  fully  fhew,  that  the  changes,  and  confequently  the 
produ&ion  and  the  appearance  of  colours  often  depend  upon  the  continua- 
tion or  alteration  of  the  texture  of  the  objedt,  we  fhall  here  previoufly  in- 
timate two  or  three  particulars  relating  to  this  matter.  And  fir  ft,  it  is  Whether  co- 
not  without  reafon,  that  I afcribe  colour  chiefly  to  the  fuperficial  parts  of tlxlir- 
bodies  *,  for,  not  to  examine  how  plentifully  opake  corpufcles  may  abound^*  of  bodies* 
even  in  thofe  bodies  we  call  diaphanous,  it  is  plain,  that  we  fee  little  elfe 
than  the  fuperficies  of  dark  objedls  ; for  if  we  found  the  rays  of  light  re* 
fledted  from  the  objedl,  pierc’d  deep  into  the  body,  we  fhould  not  judge 
it  opake,  but  either  pellucid  or  femi-diaphanous  f. 

The  fchools  feem  to  teach,  that  colour  is  a penetrating  quality,  reach- 
ing to  the  innermoft  parts  of  the  objedt ; as  if  a piece  of  fealing- 
wax  be  broken  into  ever  fo  many  pieces,  the  internal  fragments  will 
be  as  red  as  the  external  furface.  This  is  indeed  a particular  example  \ 
but  it  will  not  overthrow  the  foregoing  dodtrine  \ efpecially  fince  other 
examples  of  a contrary  nature  may  be  alledged.  And  two  or  three 
negative  inftances  are  fufficient  to  overthrow  the  generality  of  a pofitive 
rule  ; at  leaft  when  that  is  built  but  upon  one,  or  a few  examples.  Noe 
then  to  mention  cherries,  plums,  &c.  wherein  the  skin  is  of  one  colour,  and 
the  infide  of  another ; I fhall  offer  an  inftance  or  two  of  the  colours  of  du- 
rable bodies,  that  are  thought  tolerably  homogeneous,  and  whofe  parts  are 
neither  organical , nor  of  a nature  approaching  thereto.  And  firft,  I 
need  only  repeat,  that  blue,  red,  and  yellow  may  be  produced  upon 
a piece  of  temper’d  fteel : for  thefe  colours,  tho’  very  vivid,  yet  if  you 
break  the  metal  they  adorn,  will  appear  to  be  fuperficial  ; not  only  the 
innermoft  parts  of  the  fteel,  but  thofe  within  a hair’s  breadth  of  its  fuper- 
ficies, having  none  of  thefe  colours,  but  retaining  that  of  the  metal  itfelf. 

Secondly,  we  melted  a large  quantity  of  pure  lead  with  a ftrong  fire  \ then 
immediately  pouring  it  into  a clean  iron  vefiel,  and  carefully  and  nimbly 


* It  follows  from  Sir  Ifaac  Newton's  difeo- 
veries,  relating  to  light  and  colours,  that  all 
the  productions  and  appearances  of  them 'in 
the  world  are  derived  not  from  any  phyfical 
change  caufed  in  light  by  refraCHon  or  re- 
flection, but  only  from  the  various  mixtures 
or  feparations  of  rays,  by  virtue  of  their  dif- 
ferent refrangibility  or  reflexibility.  And  in 
this  refpeCt,  fays  that  great  author,  “ the 
“ feience  of  colours  becomes  a fpeculation 

**  as  truly  mathematical  as  any  part  of  op- 
“ tics,  fo  far  as  they  depend  on  the  nature 
“ of  light,  and  are  not  produced  or  altered 


“ by  the  power  of  imagination,  or  by  ftri- 
“ king  or  prefling  the  eye.”  Newton.  Optic, 
p-  219. 

f Perhaps  all  opake  bodies,  when  reduced 
fufficiently  thin  or  fine,  will  appear  tranfpa- 
rent,  if  viewed  againft  the  light.  This  evi- 
dently happens,  when  metals  are  difTolved  in 
proper  menflrua ; when  gold  is  beat  thin ; 
when  ink  afeends  in  (lender  glafs  tubes  ; when 
an  opake  (tone,  or  other  objeCt,  is  viewed 
thro’  a hole  made  in  the  window  fliutter  of  a 
dark  room,  £s fV. 
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Physics,  taking  off  the  fcum,  we  perceiv’d  the  fmooth  gloffy  furface  of  the  melted 

^/W  matter  to  be 'adorn’d  with  a very  delightful  colour,  which  almoft  imme- 
diately gave  place  to  another  vivid  one,  that  was  as  immediately  fucceeded 
by  a third,  and  this  by  a fourth.  Thus  thefe  wonderfully  vivid  colours 
fucceffively  appear’d  and  vanifti’d,  till  the  metal  cooling,  put  a flop  to  this 
pleafant  fight;  tho’  the  colours  which  chanced  to  adorn  the  furface,  when 
the  lead  began  to  cool,  remain’d  upon  it,  but  were  fo  fuperficial,  that 
how  little  foever  we  fcraped  off  from  the  furface  of  the  lead,  all  the  colour 
came  away,  and  difcovered  only  that  which  is  natural  to  the  metal.  But 
unlefs  lead  be  brought  to  a very  high  degree  of  fufion  or  fluidity,  the  phe- 
nomena will  fcarce  appear.  However,  the  fame  colours  did  neither  always, 
nor  regularly,  fucceed  one  another,  as  is  ufual  in  fteel;  but  in  the  follow- 
ing diverfify’d  order,  which  paffed  fo  fuddenly,  that  I was  fcarce  able  to 
commit  it  to  paper;  blue,  yellow,  purple,  blue,  green,  purple,  blue, 
yellow,  red,  purple  blue,  yellow  and  blue,  yellow,  blue,  purple,  green 
mix’d,  yellow,  red,  blue,  green,  yellow,  red,  purple,  green.  To  the  fame 
purpofe  I might  add,  that  viewing  a fphere  of  rock  cryftal,  which  was  fawn 
afunder  by  a lapidary,  and  expofing  the  flat  furfaces  to  the  fun  beams,  the 
little  particles  that,  notwithftanding  their  feeming  fmoothnefs  in  the  fhade, 
render’d  their  furfaces  rough,  fo  refradted  and  reflected  the  light,  as  to  ex- 
ceed the  vivid  colours  of  the  rainbow  ; but  in  an  interrupted  order,  fome- 
times  on  one  part  of  the  furface,  fometimes  on  another,  as  it  happen’d  to  be 
fituated  with  regard  to  the  fun.  And  having  caufed  a fine-grain’d  touch- 
ftone  to  be  fawn  afunder  by  the  fame  artificer,  I obferved  upon  the  new  fur- 
faces, tho’  to  the  touch  they  feem’d  fmooth  and  polifh’d,  the  vivid  co- 
lours, as  above-mention’d,  according  as  the  furfaces  were  put  into  various 
pofitions,  in  refpedt  of  the  fun  and  the  eye  ; fo  that,  notwithftanding  the 
great  tranfparency  of  the  cryftal,  and  the  great  opacity  of  the  touch- (tone, 
their  fuperficial  corpufcles  were  found  fit  to  exhibit  the  vivid  colours  we 
admire  in  the  rain-bow. 

The  atomifts  of  old,  and  fome  learned  men  of  late,  have  attempted  to 
explain  the  variety  of  colours  in  opake  bodies  from  the  various  figures  of 
their  fuperficial  parts.  The  attempt  is  indeed  ingenious,  and  the  do&rine 
feems  partly  true  ; but  I confefs  other  things  appear  to  me  necefiary  to  be 
taken  in,  as  contributing  to  thofe  different  forms  of  afperity  whereon  the 
colours  of  opake  bodies  depend.  But  in  order  to  prove  it,  we  muft  affume, 
that  the  furfaces  of  all  fuch  bodies,  how  fmooth  foever  they  may  appear 
to  our  fight  and  touch,  are  only  fo  in  a popular,  or  a phyfical  fenfe.  The 
truth  hereof  is  evident  from  the  ufe  of  microfcopes,  which  fliew  us  in 
many  bodies,  that  feem  fmooth  to  our  naked  eyes,  little  protuberancies 
rifing  above  that  which  may  be  conceiv’d  to  be  the  plain  of  the  furface  ; 
as  alfo  numerous  depreftions  beneath  that  level.  And  of  this  fort  of  ca- 
vities we  have,  by  the  help  of  an  excellent  magnifier,  on  the  furface  of  a 
thin  piece  of  cork,  that  appeared  fmooth  to  the  eye,  obferv’d  fixty  in  a 
row,  within  the  compafs  of  that  glafs,  tho’  not  above  £ of  an  inch ; 
and  thefe  too,  which  made  that  little  piece  of  cork  look  almoft  like  an 

empty 
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empty  honey-comb,  were  not  only  very  diftinft,  and  of  fimilar  figures,  Physics. 

but  confiderably  large,  and  prodigioufly  deep  ; fo  that  their  diftind  fha- 

dows  and  Tides  were  very  confpicuous,  and  eafily  to  be  reckoned,  and 

might  have  been  well  diftinguifhed,  had  they  been  ten  times  lefs  than  they 

were : whence  we  may  make  fome  eftimate,  what  a ftrange  inequality, 

and  what  a multitude  of  little  fhades  there  may  really  be  in  a fcarce  fen- 

fible  part  of  a phyfical  fuperficies,  tho’  they  remain  invifible  to  the  naked 

eye.  There  are  alfo  feveral  experiments  which  confirm  the  fame  thing  in 

other  like  fubftances  : fo  that  every  fenfible  part  of  an  opake  body,  may 

be  conceiv’d  to  confift  of  a multitude  of  corpufcles  fingly  infenfible. 

But  in  giving  thefe  furfaces  a difpofition  to  alter  the  light  refle&ed 
thence  to  the  eye,  after  the  manner  requifite  to  make  the  objedl  appear 
colour’d,  the  figures  of  thefe  particles  have  a great,  tho’  not  the  only  (hare. 

’Tis  true  indeed,  that  the  protuberant  particles  may  be  of  very  various 
figures,  fpherical,  elliptical,  conical,  &V.  according  to  the  nature  whereof, 
and  the  fituation  of  the  lucid  body,  the  light  muft  bevarioufly  affedted ; 
as,  after  one  manner  from  furfaces  confiding  of  fpherical,  after  another 
from  thofe  made  up  of  conical  or  cylindrical  particles  *,  fome  being  fitted 
to  reflect  more  of  the  incident  rays  * of  light,  others  lefs  ; and  fome  to- 
wards one  part,  others  towards  another.  But  befides  this  difference  of 
figure,  many  other  things  may  greatly  concur  to  vary  the  forms  of  afpe- 
rity,  whereon  colours  have  fo  great  a dependance:  for  allowing  the  figure 
of  the  particles,  the  fuperficial  ones  may  be  bigger  in  one  body,  and  lefs 
in  another  ; and  confequently  fitted  to  allay  the  light  falling  on  them 
with  greater  fhades.  The  protuberant  particles  may  alfo  be  fet  at  a 
greater  or  a fmaller  difiance  from  one  another  in  different  parts  ; and  how 
thefe  qualities  may  ferve  to  produce  colour,  we  may  guefs  from  what  hap- 
pens in  the  agitation  of  water;  for  if  the  bubbles  that  are  thereby  made, 
be  large  and  few,  the  water  will  fcarce  acquire  a fenfible  colour  ; but  if 
it  be  reduced  to  a froth,  which  conflfis  of  bubbles  very  minute,  and  conti- 
guous to  each  other,  it  exhibits  a very  manifeft  whitenefs.  Befides,  it  is 
not  neceffary  that  the  fuperficial  particles  which  exhibit  one  colour,  fhould 
be  all  of  the  fame  fhape  ; but  different  figures  may  be  mixed  upon  the 
furface  of  the  opake  body  : as  when  the  corpufcles  that  make  a blue 
colour,  and  thofe  that  make  a yellow,  come  to  be  accurately  and  skilfully 
united,  they  afford  a green  ; which  tho’  it  feem  one  Ample  colour,  yet  in 
this  cafe  appears  to  be  made  by  the  union  of  corpufcles  of  very  different 
kinds.  Moreover,  the  figure  and  magnitude  of  the  little  depreffions,  cavi- 
ties, furrows,  or  pores,  intercepted  betwixt  thefe  protuberant  corpufcles, 
are  as  well  to  be  confiaer’d,  as  the  fizes  and  fhapes  of  the  corpufcles  them- 


* Sir  Ifanc  Newton  proves,  that  the  caufe 
of  reflexion  is  not  the  impinging  of  light  on 
the  folid  or  impervious  parts  of  bodies,  as  is 
commonly  fuppofed ; and  makes  it  probable, 
that  the  reflexion  of  a ray  is  eftedled  not  by 


a Angle  point  of  the  reflecting  body,  but  by 
fome  power  of  the  body  which  is  evenly 
difFufed  all  over  its  furface,  and  by  which  it 
a<5ts  upon  the  ray,  without  immediate  contact . 
Newton,  Optic,  p.  237 241. 
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Physics,  felves.  For  we  may  conceive  the  phyfical  fuperficies  of  a body  to  be 
horizontally  cut  by  a mathematical  plain  ; and  then,  as  fome  parts  of  that 
phyfical  fuperficies  will  be  protuberant,  or  fwell  above  the  plain,  fo  others 
may  be  deprefled  beneath  it.  Thus  in  many  places  of  the  earth’s  furface, 
there  are  hills,  trees,  &c.  rais’d  above  the  horizontal  level  of  the  valley  ; 
and  rivers,  wells,  pits,  and  other  cavities,  deprefled  beneath  it.  And  that 
fuch  protuberant  and  concave  parts  of  a furface  may  remit  the  lights  fo  dif- 
ferently as  greatly  to  vary  a colour,  we  fliall  fee  hereafter.  But  at  prefent 
it  may  fufiice  to  fay,  that  the  different  degrees  or  kinds  of  afperity  in  the 
two  flat  fides  of  the  fame  piece  of  red  marble,  the  one  whereof  is  polifhed, 
and  the  other  left  rough,  will  fo  diverfify  the  light  reflected  from  thefeveral 
different  plains  to  the  eye,  that  a painter  would  employ  two  different  colours 
to  reprefent  them.  The  fituation  alfo  of  the  fuperficial  particles  is  confi- 
derable.  This  I diftinguifh  into  the  pofture  of  the  Angle  corpufcles,  in 
refpeCt  of  the  light,  and  of  the  eye  ; and  the  order  of  them  in  regard  to 
one  another : for  a body  may  reflect  the  light  otherwife,  when  its  fuper- 
ficial particles  are  more  ereCt  upon  the  plain  conceiv’d  to  pafs  along  their 
balls ; and  when  the  extremities  of  fuch  particles  are  obverted  to  the  eye, 
than  when  thofe  particles  lie  fo  inclined,  that  their  fides  are  in  great 
meafure  difcernible.  Thus  the  colour  of  plufh  or  velvet  will  appear  va- 
rious, if  you  ftroak  part  of  it  one  way,  and  part  another  ; the  pofture  of 
the  particular  threads  in  regard  to  the  light,  or  the  eye,  being  thereby 
varied.  And  ’tis  obfervable,  that  in  a field  of  ripe  corn,  blown  upon  by 
the  wind,  there  will  appear  waves  of  a colour  different  from  that  of  the 
reft  of  the  corn;  becaufe  the  wind,  by  deprefling  fome  of  the  ears  more 
than  others,  caufes  one  to  refleCt  more  light  from  the  lateral  and  ftrawy 
parts  than  another.  Thus  when  dogs  are  fo  enraged,  as  to  ereCt  the  hairs 
upon  their  necks,  and  other  parts  of  their  bodies,  thofe  parts  feem  to  ac- 
quire a colour  different  from  that  of  the  fame  hairs,  when,  in  their  ufual 
pofture,  they  lay  more  inclined.  And  that  the  order  wherein  the  fuper- 
ficial corpufcles  are  ranged  is  confiderable,  we  may  guefs  by  the  turning  of 
water  into  froth,  the  beating  of  glafs,  and  the  fcraping  of  horn;  in  which 
cafes  the  corpufcles  that  were  before  fo  marfhalPd,  as  to  be  tranfparent, 
become,  by  a difturbance  of  that  order,  difpofed  to  ftop  and  refleft  more 
Jight,  and  thereby  to  appear  whitifh. 

There  are  alfo  other  ways  wherein  the  order  of  the  protuberant  parts, 
in  regard  to  the  eye,  may  greatly  contribute  to  the  appearance  of  a parti- 
cular colour : for  I have  often  obferved,  that  when  peafe  have  been  planted 
or  fet  in  parallel  lines,  and  are  fhot  up  about  half  a foot  above  the  furface 
of  the  ground,  by  looking  on  the  field  where  they  grew  along  the  lines 
they  ftood  in,  much  the  greater  part  of  the  ground  appeared  of  its  own 
dirty  colour ; but  if  I view’d  the  field  tranfverfly,  it  would  appear  very 
green  ; the  upper  parts  of  the  peafe  concealing  the  intercepted  parts  of  the 
ground  from  the  eye.  And  perhaps  even  the  motion  of  the  fmall  parts  of 
a vifibie  object  may  in  fome  cafes  contribute,  tho’  it  be  not  eafy  to  fay 
how,  to  the  production  or  variation  of  a colour  : for  I have  feveral  times 
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made  a liquor,  which,  when  well  fettled  in  a clofe  vial,  is  tranfparent Physics. 
and  colourlefs  •,  but  as  foon  as  the  glafs  is  unflopped,  begins  to  fly  away  \^V^/ 
very  plentifully  in  a white,  opake  fume  : and  there  are  other  bodies,  whofe 
fumes,  when  they  fill  a receiver,  would  make  one  fufpeCl  it  contain’d 
milk  •,  and  yet  thefe  fumes  become  a liquor  that  is  not  white,  but  tranf- 
parent. And  fuch  white  fumes  I have  feen  afforded  by  unflopping  a liquor, 
which  is  itfelf  diaphanous  and  red  ; nor  are  thefe  the  only  inflances  of 
this  kind  that  our  experiments  can  fupply  us  with.  And  if  the  fuperficial 
corpufcles  be  of  the  groffer  fort,  and  fo  framed,  that  their  differing  fides 
may  exhibit  differing  colours,  then  the  motion  or  reft  of  thofe  corpufcles 
may  be  confiderable,  as  to  the  colour  of  the  fuperficies  they  compofe  be- 
caufe  fometimes  more,  fometimes  fewer  of  the  fides  difpofed  to  exhibit  fuch 
a colour,  may  by  this  means  become  or  continue  more  obverted  to  the  eye 
than  the  reft,  and  compofe  a phyfical  furface  more  or  lefs  fenfibly  inter- 
rupted. Thus  I remember,  that  in  fome  forts  of  plants,  whofe  leaves  were 
thick  fet  by  one  another,  and  the  two  fides  of  each  leaf  of  a fomewhat  dif- 
ferent colour,  there  would  appear  a notable  difference  in  their  colour,  if 
look’d  upon,  firft  when  the  leaves  being  at  reft,  had  their  true  upper  fides 
obverted  to  the  eye  ; and  again,  when  a breath  of  wind  paffing  thorough 
them,  made  great  numbers  of  the  fides  of  the  leaves,  that  are  ulually  hid- 
den, become  confpicuous.  And  tho*  the  little  bodies  above  mentioned, 
may  fingly  and  a* part  feem  almoft  colourlefs  ; yet  when  many  of  them  are 
placed  by  one  another  fo  near,  that  the  eye  does  not  difcern  an  interruption 
in  a fenfible  fpace,  they  may  exhibit  a colour : as  we  fee,  that  tho’  a {lender 
thread  of  dy ’d  fcarlet  filk,  whilft  look’d  on  fingly,  feems  almoft  quite  devoid 
of  rednefs  j yet  when  numbers  of  thefe  threads  are  brought  together  into  a 
skein,  that  colour  then  becomes  glaring.  And  in  changeable  taffaties,  where 
we  fee  differing  colours  arife  and  vanifh  upon  ruffling  the  fame  piece  of  filk  ; 

I have  often,  with  pleafure,obferved,by  means  of  a convenient  microfcope, 
their  component  threads  to  pafs  under  and  over  each  other,  in  almoft  in- 
numerable points  : and  if  I thus  look’d  upon  any  confiderable  portion  of 
the  fluff  that,  for  example,  appeared  red  to  the  naked  eye,  I could  plainly 
fee,  that  in  fuch  a pofition  the  red  threads  were  confpicuous,  and  re- 
flected a vivid  light : and  tho’  I could  alfo  perceive  that  there  were  green 
ones,  yet,  by  reafon  of  their  difadvantageous  pofition  in  the  phyfical 
furface  of  the  filk,  they  were  in  part  hid  by  the  more  protuberant  threads 
of  the  other  colour  ; and,  for  the  fame  reafon,  the  reflection  from  as  much 
of  the  green  as  was  difcover’d,  appear’d  but  dim  and  faint.  And  if,  on 
the  contrary,  1 look’d  thro’  the  microfcope  upon  any  part  that  appear’d 
green,  I could  plainly  fee  the  red  threads  were  lefs  fully  expofed  to  the 
eye,  and  obfcured  by  the  green  ones,  which,  therefore,  made  the  predomi- 
nant colour.  And  by  obferving  the  texture  of  the  filk,  I could  eafily  fo 
expofe  the  threads  either  of  the  one  colour  or  the  other  to  my  eye,  as  at 
pleafure  to  exhibit  the  appearance  of  red  or  green,  or  make  thofe  colours 
fucceed  each  other  : fo  that,  obferving  their  fucceflion,  I could  mark  how 
the  predominant  colour  ftarted  up,  when  the  threads  that  exhibited  it, 
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Physics,  came  to  be  advantageoufly  placed  ; and  by  making  little  folds  in  the 
taffaty,  the  Tides  that  met,  and  terminated  in  them,  would  appear  to  the 
naked  eye,  the  one  red,  and  the  other  green.  And  when  threads  of 
more  than  two  differing  colours  chance  to  be  interwoven,  the  refulting 
changeablenefs  of  the  taffaty  may  alfo  be  fomewhat  different.  And  per- 
haps it  were  proper  to  try  whether  the  microfcope  would  give  us  the 
reafon  of  the  variablenefs  of  colour,  that  is  To  confpicuous  in  mother  of 
pearl,  opals,  &c.  ’Tis  true  indeed,  that  what  I here  propofe  concerning 
the  different  forms  of  afperity  in  bodies,  whence  the  incident  light  either 
comes  to  be  refledted  with  more  or  lefs  of  fhade,  and  with  that  fhade 
more  or  lefs  interrupted,  or  happens  to  be  otherwife  modify’d,  is  but 
conjedhiral ; yet  I am  apt  to  fufped,  that  if  we  had  perfedt  microfcopes*, 
we  might  difcern  in  the  phyfical  furfaces  of  bodies,  both  a great  many 
latent  inequalities,  and  the  particular  fize,  figure,  and  fituation  of  the 
extremely  little  bodies  that  caufe  them  ; and  perhaps  might  perceive, 
among  other  varieties,  how  thofe  little  protuberances  and  cavities  interrupt 
and  dilate  the  light,  by  mingling  with  it  a multitude  of  very  fmall  fhades* 
Tome  of  them  more,  and  Tome  lefs  minute;  Tome  lefs,  and  fome  more 
numerous,  according  to  the  nature  and  degree  of  the  particular  co- 
lour we  attribute  to  the  vifible  objedt.  Thus  with  good  telefcopes  we 
can  difcern  many  hills-and  vallies  in  the  moon,  whereof  fome  are  more, 
and  others  lefs  ftrongly  illumin’d  ; whilft  thefe  have  a fainter,  and  thofe 
a deeper  fhade : tho’  the  naked  eye  can  difcern  no  fuch  things  in  that 
planet.  Thus  alfo,  where  the  naked  eye  could  only  fee  a green  powder, 
a microfcope  enabled  us  to  difcover  particular  granules,  fome  of  a blue, 
and  fome  of  a yellow  colour  ; tho’  we  had  before  caufed  them  to  be  ex- 
quifitely  mixed,  to  compound  a green.  And  here,  to  confirm  what  we 
have  delivered,  as  to  the  poflibility  of  difcerning  the  different  forms  of 
afperity  in  the  furfaces  of  bodies  of  feveral  colours,  I fhall  add  a re- 
markable relation  which  I had  from  Dr  .Finch,  anatomift  extraordinary 
A blind  man,  to  the  great  duke  of  Tufcany . This  gentleman  told  me,  that  he  faw  a blind 
^ullbed  colours man  at  Maejlrieht,  in  the  Low  Countries , who  at  certain  times  could  diftin- 
% the  touch™  colours  by  the  touch  with  his  fingers.  This  appear’d  fo  extraordi- 
nary to  me,  that  I freely  propofed  many  fcruples  concerning  it  to  the 
doctor  ; and  particularly  inquired,  whether  care  were  taken  to  prevent 
the  man  from  ufing  his  fight  in  the  cafe,  if  he  had  any:  but,  upon  the 
whole,  I found  the  do&or  had  been  very  cautious  and  circumfpedt,  to 
prevent  being  impofed  upon  herein.  And,  that  he  might  not,  thro’  any 
miftake  in  point  of  memory,  mifinform  me,  he  prefented  me  the  notes  he 
took  for  his  own,  ufe  ; the  fubftance  whereof  is  as  follows.  The  name 
of  the  man  was  John  Vermaafeny  at  that  time  about  thirty-three  years  of 


* Sir  Ifaac  Newton  feems  to  be  of  opi- 
nion, that  microfcopes  may  be  fo  far  impro- 
ved, if  they  are  not,  in  fome  degree,  already 
arrived  at  that  perfe&ion,  as  to  difcover  all 


the  particles  of  bodies  on  which  their  colours 
depend,  except  thofe  of  black  fubftances, 
which  he  ftiews  to  be  the  molt  minute.  New - 
ton . Optic,  p.  236. 
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age,  who,  when  he  was  two  years  old,  had  the  fmall  pox,  which  render’d  Physics. 
him  abfolutely  blind,  tho9  he  is  at  prefent  an  organift  in  a public  choir.  iyyv 
The  do&or  difcourfing  with  him  over  night,  the  blind  man  affirmed,  that 
he  could  diftinguiffi  colours  by  feeling,  but  not  unlefs  he  were  fading ; 
for  that  any  quantity  of  drink  deprived  him  of  that  exquifite  touch  which 
is  requifite  to  fo  nice  a fenfation.  Upon  this,  the  dodVor  provided  againft 
the  next  morning  feven  pieces  of  ribbon  of  thefe  feven  colours,  black, 
white,  red,  blue,  green,  yellow,  and  grey  ; but  as  for  mixed  colours,  this 
Vermaafen  would  not  undertake  to  difcern  them  ; tho9,  if  offer’d,  he  could 
tell  that  they  were  mixed.  To  difcern  the  colour  of  the  ribbon,  he 
places  it  betwixt  his  thumb  and  his  fore-finger,  but  his  moft  exquifite  per- 
ception is  in  his  thumb,  and  much  better  in  the  right  than  in  the  left. 

After  the  man  had  four  or  five  times  told  the  dodlor  the  feveral  colours, 
whilft  a napkin  was  tied  over  his  eyes,  the  doftor  obferved  he  twice 
miftook,  for  he  called  the  white  black,  and  the  red  blue  ; but  ftill  before 
his  error,  he  would  lay  them  by  in  pairs,  faying,  that  tho9  he  could  eafily 
diftinguiffi  them  from  all  others,  yet  thofe  two  pair  were  not  eafily  diftin- 
guiffiable  from  one  another.  Then  the  dodtor  defired  to  know  what  kind 
of  difference  he  found  in  colours  by  his  touch.  To  which  the  blind  man 
reply’d,  that  all  the  difference  he  obferved,  was  a greater  or  lefs  degree 
of  afperity  * ; for,  fays  he,  black  feels  like  the  points  of  needles,  or  fome 
harffi  fand,  whilft  red  feels  very  fmooth ; that  black  and  white  are  the 
moft  rough,  or  unequal,  of  all  colours,  and  fo  like,  that  9tis  very  hard  to 
diftinguiffi  them  ; but  black  the  rougheft  of  the  two  : that  green  is  next 
in  afperity  •,  grey  next  to  green  •,  yellow  the  fifth  in  degree  of  afperity  ; 
red  and  blue  fo  alike,  that  9tis  as  hard  to  diftinguiffi  between  them  as 
between  black  and  white,  tho9  red  be  fomewhat  more  rough  than  blue  ; 
fo  that  red  has  the  fixth  place,  and  blue  the  feventh  in  afperity.  To  this 
information  the  dodtor  was  pleafed  to  add  the  prefent  of  three  of  thofe 
very  pieces  of  ribbon,  whofe  colours,  in  his  prefence,  Vermaafen  had 
diftinguiffied  ; pronouncing  the  one  grey,  the  other  red,  and  the  third 
green  *,  which  I keep  by  me  as  rarities.  Before  I faw  the  notes  from 
whence  this  account  is  taken,  I confefs  I fufpedted  this  blind  man  might  have 
thus  diftinguiffied  colours  rather  by  the  fmell  than  by  the  touch  ; for  fome 


* The  different  magnitudes  of  the  parts* 
of  coloured  bodies,  whereon  their  different 
colours,  according  to  Sir  Ifaac  Newton's  the- 
ory, depend,  appear  to  be  too  minute  for  the 
fenfe  of  feeling  to  take  notice  of.  This  fenfe, 
indeed,,  may,  by  great  degrees,  be  more  ex- 
quifite in  one  man  than  in  another ; and,  if 
it  could  be  fuppofed  equal,  or  nearly  equal  to 
that  of  fight,  which  perhaps  is  only  a finer 
degree  of  touch,  this  different  afperity  might, 
fuppofing  the  truth  of  the  relation,  become 
ienfible  to  one,  polfeffed  of  an  exquifite 


fenfe  of  feeling.  Sir  Ifaac  Newton  well  ob- 
ferves,  that  there  is  a harmony  and  difcord  of 
colours,  which  he  feems  to  think  arifes  from 
the  proportions  of  the  vibrations  propagated 
thro’  the  fibres  of  the  optic  nerve  into  the 
brain,  as  the  harmony  and  difcord  of  founds 
arife  from  the  proportions  of  the  vibrations 
of  the  air.  For  fome  colours,  if  they  be 
viewed  together,  are  agreeable  to  one  another, 
as  thofe  of  gold  and  indigo,  and  others  difa- 
gree.  See  Newton,  Optic,  p.  320. 
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Physics,  of  the  ingredients  employ’d  by  dyers,  have  different  and  ft rong  fcents, 

L/VV  which  a very  nice  nofe  might  diftinguifh  *,  and  this  I the  rather  fufpe&ed, 
becaufe  he  required  that  the  ribbons  he  was  to  judge  of,  fhould  be  offer’d 
him  in  the  morning  fafting  : for  I have  obferved  in  fetting-dogs,  that  the 
feeding  of  them  greatly  impairs  their  fcent.  And,  indeed,  I could  wifh  for 
the  opportunity  of  examining  this  man  myfelf,  about  many  particulars 
which  I do  not  find  to  have  been  yet  thought  upon.  And  tho’  it  be  not 
incredible,  that  ftnce  the  liquors  ufed  by  dyers  are  qualified  to  give  a 
colour,  by  multitudes  of  little  corpufcles  of  the  pigment  difiolved  and 
extra&ed  by  the  fluid  wherein  they  float,  thofe  corpufcles  of  colour  infinu- 
ating  themfelves  into,  and  filling  up  the  pores  of  the  body  to  be  dyed,  may 
give  a greater  or  lefs  roughnefs  to  its  fuperficies,  according  to  the  bignefs 
and  texture  of  the  particles  of  the  pigment ; yet  I can  fcarce  believe  that 
this  blind  man  could  diftinguifh  all  the  colours  he  did,  merely  by  the  rib- 
bons having  more  or  lefs  of  afperity  : but  the  forms  of  it  might  alfo  afiift 
him  herein,  tho’  thefe  would  perhaps  have  been  very  difficult  for  him  to 
defcribe  •,  becaufe  thofe  minute  differences  having  not  been  taken  notice 
of  by  men  for  want  of  a touch  fufficiently  exquifite,  are  things  he  could 
not  have  expreffed  intelligibly.  Thus  under  the  name  of  ffiarp,  fweet, 
and  four,  there  are  abundance  of  peculiar  intermediate  reliffies,  or  taftes, 
in  different  forts  of  wine  *,  which  tho’  critical  and  experienc’d  palates  eafily 
difcern,  yet  the  judges  cannot  have  their  idea’s  convey’d  to  others  *,  fuch 
minute  differences  not  having  hitherto  any  diftindf  names  aflign’d  them. 
And  it  feems  that  there  was  fomething  here  in  the  forms  of  afperity  re- 
quifite  to  the  diftin&ion  of  colours,  befides  the  degree  of  it ; ftnce  this  man 
found  it  fo  difficult  to  diftinguifh  black  and  white  from  one  another,  tho* 
not  from  other  colours.  For  I might  urge,  that  he  feems  to  contradidt 
himfelf  about  the  red,  which  in  one  place  he  reprefents  as  fomewhat  more 
rough  than  the  blue,  and  in  another  very  fmooth  ; but  becaufe  he  fpeaks 
of  this  fmoothnefs  in  that  place  where  he  mentions  the  roughnefs  of 
black,  we  prefume  that  he  meant  but  a comparative  fmoothnefs  : how- 
ever, he  found  it  difficult  not  only  to  diftinguifh  red  and  blue,  but  black 
and  white  from  one  another,  tho’  not  from  other  colours.  And  indeed, 
tho  in  the  ribbons  offer  d him,  they  might  be  almoft  equally  rough,  yet 
in  fuch  minute  corpufcles  as  thofe  of  colour,  there  may  eafily  be  con- 
ceiv  d not  only  a greater  clofenefs.of  parts,  a want  of  protuberant 
corpufcles,  and  little  extant  particles  otherwife  figured  and  ranged 
in  the  white  than  in  the  black  ; but  the  cavities  alfo  may  be  much 
deeper  in  one  than  in  the  other.  And  perhaps,  where  the  particles  are  fo 
exceeding  flender,  we  might  allow  the  parts  expofed  to  the  fight  and  touch 
to  be  a little  convex  in  comparifon  of  the  eredl  particles  of  black  bodies  ; 
as  if  they  were  wires  many  times  flenderer  than  a hair,  for  whether  you  hip- 
pos them  to  be  figured  like  needles,  or  cylindrically  like  the  hairs  of  a 
brufh,  with  hemifpherical  tops,  they  will  be  fo  very  flender,  and  confe- 
quently  the  points  both  of  the  one  fort  and  the  other,  fo  very  fharp,  that 
an  exquifite  touch  will  be  able  to  obferve  no  greater  difference  between 

them. 
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them,  than  that  which  our  blind  man  allowed,  when,  comparing  black  Physics. 
and  white  bodies,  he  faid,  that  the  latter  were  the  lefs  rough  of  the  two.  J 

Nor  is  every  kind  of  roughnefs,  tho’  fenfible,  inconfident  with  white- 
nefs,  for  the  phyfical  fuperficies  of  a body  is  fometimes  made,  by  the  fame 
operation,  both  rough  and  white  ; as  when  the  level  furface  of  clear  wa- 
ter being  agitated  and  made  rough,  with  a multitude  of  unequal  bubbles, 
thereby  acquires  a whitenefs ; and  as  a fmooth  piece  of  glafs  by  being 
fcratched  with  a diamond,  difclofes  the  fame  colour.  This  minutenefs  and 
figure  of  the  extant  particles  being  fuppofed,  the  depth  of  the  little  cavi- 
ties intercepted  between  the  extant  particles,  without  being  fo  much 
greater  in  black  bodies  than  in  white  ones,  as  to  be  very  perceptible  to  the 
grofs  organs  of  touch,  may  be  vadly  greater  with  regard  to  their  difpofi- 
tion  of  reflecting  the  fubtile  rays  of  light.  For  in  black  bodies  thofe  fmall 
intercepted  cavities,  and  other  depreflions,  may  be  fo  figured,  fo  narrow 
and  fo  deep,  that  the  incident  rays  of  light,  which  the  more  extant  parts  of 
the  phyfical  fuperficies  are  difpofed  to  refleCt  inwards,  may  be  detained 
there,  and  prove  unable  to  emerge ; v.hilfl:  in  a white  body  the  (lender 
particles  may  not  only,  by  their  figure,  be  fitted  to  refleCt  the  light  co- 
pioufly  outwards,  but  the  intercepted  cavities  being  fhallow,  and  perhaps 
fomewhat  wide,  the  bottoms  of  them  may  be  fo  conftituted,  as  to  be  fit 
to  reflect  outwards  much  of  the  light  that  falls  upon  them. 

There  is  no  neceflity  of  concluding,  from  the  blind  man’s  relation,  that 
tho’,  according  to  his  touch,  black  was  the  roughed,  as  it  is  the  dar- 
keft  of  colours,  that  therefore  white,  which  is  the  lighted,  lhould  alfo  be 
the  fmoothed  ; for  he  makes  yellow  to  be  two  degrees  rougher  than  blue, 
and  as  much  fmoother  than  green  ; tho’  yellow  not  only  appears  to  the 
eye  a lighter  colour  than  blue,  but  we  (hall  hereafter  (hew,  that  yellow  re- 
flects much  more  light  than  blue,  and  manifedly  more  than  green  ; which 
feems  to  drengthen  our  conjecture,  that  there  was  fomething  in  the  kinds 
of  afperity,  as  well  as  in  the  degrees  of  it,  that  enabled  Vermadfen  to  di- 
dinguifh  colours ; and,  at  lead  (hews,  that  we  cannot,  in  all  cafes,  from 
the  bare  difference  in  the  degrees  of  afperity  in  colours,  fafely  conclude 
that  the  rougher  reflects  the  lead  light.  Thus  much,  however,  we  gain 
from  the  tedimony  of  this  blind  man,  that  fince  many  colours  may  be  felt 
with  the  circumflances  above  related,  the  furfaces  of  fuch  coloured  bodies 
mud  certainly  have  different  degrees,  and  in  all  probability  different  forms, 
or  kinds  of  afperity  belonging  to  them  ; which  is  all  the  ufe  I here  de- 
figned  to  make  of  the  hidory  of  this  blind  man  : for  hence  it  diffidently 
appears,  that  colour  greatly  depends  upon  the  difpofition  of  the  fuperficial 
parts  of  bodies,  and,  probably,  wherein  fuch  a difpofition  principally 
confids*.  But 


* The  permanent  colours  of  natural 
bodies  arife  from  hence,  that  fome  fuch 
bodies  refledt  fome  forts  of  rays,  and  o- 
thers  other  forts  more  copioufly  than  the 
reft.  « Minium,  fays  Sir  Ifaac  New - 


te  ton,  refledls  the  lead  refrangible,  or 
“ red-making  rays  moft  copioufly , and 
“ thence  appears  red.  Violets  refledl  the 
“ moft  refrangible , moft  copioufly,  and 
“ thence  have  their  colour,  and  fo  of 

« other 
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Physics.  But  to  return;  the  caufes  of  the  feveral  forms  of  afperity,  that  may 
diverfify  the  furfaces  of  coloured  bodies,  will,  perhaps,  afford  us  fome 
How  chanSeS'  general  conje&ures  as  to  feveral  of  the  ways  whereby  ’tis  pofllble  to 
“cZfun^bl  li”  Pr°duce  the  fudden  changes  of  colours,  we  fhall  hereafter  find  in  our 
quors. ' experiments ; for  mod  of  thofe  phenomena  being  produced  by  means  of 
liquors,  which  generally  abound  with  very  minute,  adtive,  and  vari- 
oufly  figured  faline  corpufcles,  they  may  well  very  fuddenly  alter  the  tex- 
ture of  the  body  they  are  employed  to  work  on  ; and  fo  change  their 
form  of  afperity,  and  thereby  make  them  refledt  to  the  eye  the  light  that 
falls  on  them,  after  another  manner  than  they  did  before,  and  by  that 
means  vary  the  colour  fo  far  as  it  depends  upon  the  texture  or  difpofition 

of 


“ other  bodies.  Every  body  refle£ls  the 
“ rays  of  its  own  colour  more  copioufly 
“ than  the  reft,  and  from  their  excefs  and 
“ predominance  in  the  reflected  light  4fos 

“ its  colour.  — — Every  body  appears 

“ moll  fplendid  and  luminous  when  viewed 
ci  in  the  light  of  its  own  colour.  Cinna- 
“ bar,  in  the  homogeneal,  red,  prifmatic 
et  light  is  moll  refplendent,  in  the  green 
“ light  it  is  manifeftly  lefs  refplendent,  and 
“ in  the  blue  light  ftill  lefs.  Indigo  in  the 
“ violet  blue  light,  is  molt  refplendent,  and 
its  fplendor  is  gradually  diminilhed,  as 
“ it  is  removed  thence  by  degrees  thro’ 

“ the  green  and  yellow  light  to  the  red. 

“ By  a leek  the  green  light,  and  next  that 
“ the  blue  and  yellow,  which  compound 
“ green,  are  more  ftrongly  reflected  than 
“ the  other  colours,  red  and  violet,  &c. 

But  to  make  thefe  experiments  the  more 
“ manifeft,  fuch  bodies  ought  to  be  cho- 
**  fen  as  have  the  fulleft  and  mod  vivid  co- 
“ lours,  and  two  of  thofe  bodies  are  to 
“ be  compared  together.  Thus,  for  in- 
“ ftance,  if  cinnabar  and  ultramarine  blue, 
“ or  fome  other  full  blue  be  held  toge- 
“ ther  in  the  red  homogeneal  light,  they 
“ will  both  appear  red,  but  the  cinnabar 
4t  will  appear  of  a ftrongly  luminous  and 
“ refplendent  red,  and  the  ultramarine  blue, 
“ of  a faint,  obfcure,  and  dark  red ; and 
**  if  they  be  held  together  in  the  blue 
“ homogeneal  light,  they  will  both  appear 
“ blue,  but  the  ultramarine  will  appear  of 
41  a ftrongly  luminous  and  refplendent  blue, 
“ and  the  cinnabar  of  a faint  and  dark 
44  blue  ; which  puts  it  paft  difpute,  that 
the  cinnabar  reflefls  the  red  light  much 
more  copioufly  than  the  ultramarine 


(<  doth,  and  that  the  ultramarine  refle&s 
(t  the  blue  light  much  more  copioufly  than 
“ the  cinnabar  doth.  The  fame  experi- 
“ ment  may  be  made  fuccefsfully  with  red 
“ lead  and  indigo,  or  with  any  other  two 
“ coloured  bodies,  if  due  allowance  be 
“ made  for  the  different  ftrength  or  weak- 
“ nefs  of  their  colour  and  light.  And 
“ fince  thefe  reflected  lights,  which  differ 
“ in  colour,  differ  alfo  in  degree  of  re- 
“ frangibility,  it’s  certain  that  Tome  bodies 
“ reflect  the  more  refrangible,  and  others 
“ the  lefs  refrangible  rays  more  copioufly ; 
“ and  that  this  is  the  only  reafon  of  thefe 
“ colours,  appears  from  hence,  that  the  co- 
“ lour  of  homogeneal  light  cannot  be  chan- 
“ ged  by  the  reflexion  of  natural  bodies. 
<c  For  if  bodies,  by  reflexion,  cannot  in 
“ the  leaft  change  the  colour  of  anv  fort  of 
“ rays,  they  cannot  appear  coloured  by  any 
“ other  means,  than  by  refledling  thofe 
" which  are  either  of  their  own  colour,  or 
“ which , by  mixture,  muft  produce  it. 
“ But  in  making  experiments  of  this  kind, 
“ care  muft  be  had  that  the  light  be  fuffici- 
“ ently  homogeneal.”  Newton.  Optic,  p. 
156, 158. 

“ In  tranfparently  coloured  liquors,  ’tis 
“ obfervable,  that  their  colour  ufes  to  va- 
i(  ry  with  their  thicknefs.  Thus  a red  li- 
“ quor,  in  a conical  glafs,  held  between  the 
“ light  and  the  eye,  looks  of  a pale  and  dilute 
“ yellow  at  the  bottom  where ’tis  thin,  and 
“ a little  higher  where  ’tis  thicker,  grows 
“ orange ; and  where  ’tis  ftill  thicker,  be- 
“ comes  red;  and  where  ’tis  thickeft,  the 
“ red  is  deepeft  and  darkeft.  For  it  is  to  be 
“ conceived,  that  fuch  a liquor  flops  the 
“ indigo-making  and  violet-making  rays 

“ moll 
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of  the  vifible  parts  of  the  objedt  5 for  I do  not  abfolutely  exclude  all  other  Physics. 

ways  of  modifying  the  rays  of  light,  between  their  parting  from  the  la-  ' 

cid  body,  and  their  reception  into  the  common  organ  of  vifion.  Now 

there  feem  to  be  feveral  ways  whereby  liquors  may  fuddenly  alter  the 

colour  of  one  another,  but  I fhall  only  touch  upon  a few.  And,  firfb,  the 

minute  corpufcles  that  compofe  a liquor  may  eafily  infinuate  themfelves 

into  thofe  pores  of  bodies  whereto  their  fize  and  figure  adapt  them  ; and 

thefe  pores  they  may  either  exadtly  or  inadequately  fill  ; in  which  latter 

cafe  they  will,  for  the  moil  part,  alter  the  number  and  figure,  but  always 

the 


mod  eafily,  the  blue-making  rays  more 
“ difficultly,  and  the  red-making  moft 
“ difficultly;  and  that  if  the  thicknefs 
“ of  the  liquor  be  only  fo  much  as  fuffi- 
“ ces  to  flop  a competent  number  of  the 
**  violet-making  and  indigo-making  rays, 
“ without  diminifhing  much  the  number 
“ of  the  reft,  the  reft  mull  compound  a pale 
“ yellow.  But  if  the  liquor  be  fo  much 
**  thicker,  as  to  flop  alfo  a great  number  of 
“ the  blue- making  rays,  and  fome  of  the 
“ green-making,  the  reft  muft  compound 
**  an  orange  ; and  where  it  is  fo  thick  as  to 
“ flop  alfo  a great  number  of  the  green- 
“ making,  and  a confiderable  number  of  the 
**  yellow-making,  the  reft  muft  begin  to 
“ compound  a red,  and  this  red  muft 
“ grow  deeper  and  darker,  as  the  yellow- 
“ making  and  orange  - making  rays  are 
*s  more  and  more  flopped  by  the  increa- 
“ ling  thicknefs  of  the  liquor ; fo  that  few 
“ rays  befides  the  red  - making  can  get 
“ through. 

Of  this  kind  is  an  experiment  lately 
“ related  to  me  by  Dr.  Halley , who,  diving 
**  deep  into  the  fea  in  a diving  veffel, 
“ found,  in  a clear  funfhine  day,  that 
“ when  he  was  funk  many  fathoms  deep 
“ into  the  water,  the  upper  part  of  his 
“ hand,  on  which  the  fun  fhone  dire&ly 
through  the  water,  and  through  a fmall 
“ glafs-window  in  the  veffel,  like  that  of 
**  a damask  rofe,  and  the  water  below  and 
**  the  under  part  of  his  hand  illuminated 
“ by  light  reflected  from  the  water  below, 
“ looked  green.  From  thence  it  may  be 
“ gathered,  that  the  fea-water  reflefls 
“ back  the  violet  and  blue-making  rays 
“ moft  eafily,  and  lets  the  red-making 
“ pafs  moft  freely  and  copioufly  to  great 
“ depths ; for  thereby  the  fun’s  direct 
“ light,  at  all  great  depths,  by  reafon  of 
“ the  predominating  red-making  rays  muft 


“ appear  red,  and  the  greater  the  depth 
“ is,  the  fuller  and  intenfer  muft  that  red 
“ be.  And  at  fuch  depths  as  the  violet- 
“ making  rays  can  fcarce  penetrate  to,  the 
“ blue-making,  green-making  and  yellow- 
“ making  rays  being  reflefted  from  below 
“ more  copioufly  than  the  red-making 
“ ones,  muft  compound  a green.  Now  if 
“ there  be  two  liquors  of  full  colours, 
“ fuppofe  a red  and  a blue,  and  both  of 
“ them  fo  thick  as  fuffices  to  make  their 
“ colours  fufficiently  full,  though  either 
“ liquor  be  fufficiently  tranfparent  a-parr, 
“ yet  will  you  not  be  able  to  fee  through 
“ both  together ; for  if  only  the  red-ma- 
“ king  rays  pafs  through  one  liquor,  and 
“ only  the  blue-making  through  the  other, 
no  rays  can  pafs  through  both.  This  Dr. 
“ Hook  tried  cafually  with  glafs  wedges, 
“ filled  with  red  and  blue  liquors,  and  was 
“ furprized  at  the  event. 

“ Now  whilft  bodies  become  coloured, 
“ by  refle&ing  or  tranfmitting  this  or 
“ that  fort  of  rays  more  copioufly  than 
“ the  reft,  it  is  to  be  conceived  that 
“ they  flop  and  ftifle  in  themfelves  the 
“ rays  which  they  do  not  reflect  or  tranf- 
“ mit.  For  if  gold  be  foliated,  and  held 
“ between  the  eye  and  the  light,  the 
“ light  looks  of  a greenifh  blue;  and 
“ therefore  maffy  gold  lets  into  its  body 
<c  the  blue-making  rays,  to  be  reflected 
“ to  and  fro  within  it,  till  they  be  ftop- 
“ ped  and  ftifled,  whilft  it  refle&s  the 
“ yellow-making  outwards,  and  thereby 
“ looks  yellow.  And  much  after  the 
“ fame  manner  that  leaf- gold  is  yellow 
“ by  refle&ed,  and  blue  by  tranfmitted 
“ light,  and  maffy  gold  is  yellow  in  all 
“ pofitions  of  the  eye  ; there  are  fome 
“ liquors,  as  the  tindlure  of  Lignum  He- 
“ phriticum , and  fome  forts  of  glafs, 
“ which  tranfmit  one  fort  of  light  moft 

copioufly^ 
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Physics,  the  magnitude  of  the  former  pores.  And  in  what  capacity  foever  thefe 
\^/YV  corpufcles  of  a liquor  come  to  be  lodged  or  harboured  in  fuch  pores,  the 
iurface  of  the  body  will  commonly  have  its  afperity  altered,  and  the  in- 
cident light,  that  meets  with  a grofler  liquor  in  the  little  cavities  that  be- 
fore contained  nothing  but  air,  or  fome  more  fubtile  fluid,  will  have  its 
rays  either  refradted,  abforbed,  or  reflected  more  or  lefs  irregularly  than 
if  the  body  had  been  dry.  Thus  we  fee  that  even  fair  water  falling  on 
whitepaper,  linen,  &c,  will,  for  fome  fuch  reafon  as  thofe  afligned,  im- 
mediately alter  the  colour  of  them,  and  for  the  mod  part  render  it  deeper 
than  that  of  the  unmoiften’d  parts  of  the  fame  bodies.  In  like  manner, 
when,  during  the  fummer,  the  high- ways  are  dry  and  dully,  if  there  fall 
much  rain,  they  quickly  appear  of  a darker  colour  than  before.  Thus 
alfo  if  a drop  of  oil  be  let  fall  upon  white  paper,  that  part  of  the  paper 
which  by  imbibing  the  liquor  acquires  a greater  continuity,  and  fome 
tranfparency,  will  appear  much  darker  than  the  reft  ; many  of  the  inci- 
dent rays  of  light  being  now  tranfmitted,  that  would,  otherwife,  be  re- 
flected to  the  eye. 

Secondly,  a liquor  may  alter  the  colour  of  a body,  by  freeing  it  from 
thofe  things  that  prevent  its  appearing  of  its  genuine  colour*,  and  tho’ 
this  may  be  faid  to  be  rather  a reftoration  of  a body,  or  a reftitution  of 


<e  copioufly,  and  reflect  another  fort, 
“ and  thereby  look  of  feveral  colours, 
according  to  the  polition  of  the  eye  to 
u the  light.  But  if  thefe  liquors  or 
“ glafies  were  fo  thick  and  mafly,  that 
te  no  light  could  get  through  them,  T que- 
(t  ftion  not  but  they  would,  like  all  other 
“ opake  bodies,  appear  of  one  and  the 
“ fame  colour  in  all  pofitions  of  the  eye. 
“ For  all  coloured  bodies,  fo  far  as  my 
“ obfervation  reaches,  may  be  feen  through, 
“ if  made  fufficiently  thin,  and  therefore 
“ are  in  fomemeafure  tranfparent,  and  dif- 
s*  fer  only  in  degree  of  tranfparency  from 
“ tinged  and  tranfparent  liquors;  thefe  li- 
“ quors,  as  well  as  thofe  bodies,  by  a fuffi- 
cient  thicknefs  becoming  opake.  A tranf- 
“ parent  body,  that  looks  of  any  colour 
“ by  tranfmitted  light,  may  alfo  look  of 
“ the  fame  colour  by  reflected  light,  the 
“ light  of  that  colour  being  reflected  by 
“ the  farther  furface  of  the  body,  or  by 
“ the  air  beyond  it.  And  then  the  re- 
“ Hefted  colour  will  be  diminilhed,  and 
perhaps  ceafe,  by  making  the  body  ve- 
ft  ry  thick,  and  pitching  it  on  the  back- 
“ fide,  to  diminilh  the  reflexion  of  its 
“ farther  furface,  fo  that  the  light  re- 
“ Hefted  from  the  tinging  particles  may 
“ predominate.  In  fuch  cafes  the  colour 


“ of  the  reflefted  light  will  be  apt  to  va- 
“ ry  from  that  of  the  light  tranfmitted.’' 
Newton.  Optic,  p.  159^—163. 

This  doftrine  is  farther  confirmed,  by 
mixing  coloured  light,  fo  as  to  compound 
a beam  of  light  of  the  fame  colour  and 
nature  with  a beam  of  the  fun’s  direft 
light,  and  making  experiments  therein. 
Thus  Sir  Ifaac  Newton  found,  that  fuch  light 
is  endued  with  all  the  properties  of  a beam 
of  the  fun’s  light ; natural  bodies  appearing 
in  it  of  the  fame  Colours  they  have  in  day- 
light. Thus  cinnabar  appeared  of  the  fame 
red  colour  in  it  as  it  does  by  day,  and  if  the 
green-making  and  blue-making  rays  were 
Hopped,  its  rednefs  became  more  full  and 
lively  ; but  if  the  red-making  rays  were  in- 
tercepted, it  became  yellow  or  green,  or 
of  fome  other  colour,  according  to  the 
forts  of  rays  which  were  not  intercepted. 
So  gold  in  this  light  appears  of  the  fame 
yellow  colour  as  in  day-light  ; but  by 
Hopping  a due  quantity  of  the  yellow- 
making rays,  it  appears  white  like  filver; 
which  fhews,  that  its  yellownefs  arifes  from 
the  excefs  of  the  intercepted  rays  tinging 
that  whitenefs  with  their  colours  when 
they  are  let  pafs.  See  Newton.  Optic . 
p.  163—167. 


upon  Colours.  17 

ks  native  colour,  than  a change  ; yet  there  here  happens  a change  of  the  Physics. 
colour  which  the  body  afforded  before  this  operation.  And  fuch  a change 
a liquor  may  work,  either  by  diffolving  or  corroding,  or  by  fome  fuch 
means  carrying  off  the  matter,  which  either  veiled  or  difguifed  the  colour 
that  afterwards  appears.  Thus  we  reffore  old  pieces  of  dirty  gold  to  a 
clear  fhining  yellow,  by  putting  them  into  the  fire,  and  into  Aqua  fortis , 
which  takes  off  the  acquired  filth  from  the  metal  ; and  there  is  alfo  an  eafy 
way  to  reffore  filver  coins  to  their  due  luffre,  by  fetching  off  that  which 
difcoloured  them.  I have  likewife  a chymical  liquor,  which  I employ  to 
reffore  pieces  of  cloth  fpotted  with  greafe,  to  their  proper  colour,  by  im- 
buing the  fpotted  part  therewith  *,  which  incorporating  with  the  greafe, 
and  yet  being  of  a very  volatile  nature,  eafily  carries  it  away  with  itfelf. 

And  I have  fometimes  try’d,  that  by  rubbing  upon  a good  touchffone  a 
certain  metalline  mixture  fo  compounded,  that  the  imprefilon  it  left  upon 
the  ffone  appeared  of  a very  different  colour  from  that  of  gold  ; yet  a lit- 
tle Aqua  fortis  would  immediately  make  the  golden  colour  difclofe  itfelf, 
by  diffolving  only  the  other  metalline  corpufcles  that  concealed  thofe  of 
the  gold. 

Thirdly,  a liquor  may  alter  the  colour  of  a body,  by  comminuting  its 
parts;  and  principally  after  two  ways:  Firft,  by  disjoining  and  diffipa- 
ting  thofe  duffers  of  particles  which  ftick  more  loofely  together,  only  by 
means  of  fome  cement  that  is  eafily  diffoluble  ; and  this  feems  to  be  the 
cafe  in  fome  of  the  following  experiments,  where  the  colour  of  many  cor- 
pufcles brought  to  cohere,  by  being  precipitated  together,  is  deftroyed  by 
the  affufion  of  very  fharp  and  piercing  liquors.  Secondly,  By  dividing 
thegroffer  and  more  folid  particles  into  minute  ones,  which  will  be,  for  the 
moft  part,  otherwife  fhaped  than  the  entire  corpufcles  fo  divided  ; as  hap- 
pens in  a piece  of  wood  reduced  to  fplinters  or  chips,  or  when  a piece  of 
cryftal  heated  red-hot,  and  quenched  in  cold  water,  cracks  into  a multi- 
tude of  little  fragments,  which,  tho’  they  do  not  fall  afunder,  alter  the 
difpofition  of  the  body  of  it,  as  to  its  manner  of  reflecting  the  light. 

There  is  a fourth  way  oppofite  to  the  third,  whereby  a liquor  may 
change  the  colour  of  another  body,  efpecially  a fluid,  by  procuring  the 
coalition  of  feveral  particles  that  before  lay  fcattered,  and  too  remote  from 
each  other  to  exhibit  the  colour  that  afterwards  appears.  Thus,  when  a 
folution  of  gold  has  been  fo  diluted,  that  I queftioned  whether  the  li- 
quor really  imbibed  any  of  the  metal,  I have  been  quickly  fatisfied  it 
did,  by  pouring  a little  mercury  into  it;  for  the  gold  therein  would  foon 
clothe  the  furface  of  the  quickfilver  with  a thin  film  of  its  own  livery. 

And  by  this  way  of  bringing  the  minute  parts  of  bodies  together,  in  fuch 
numbers  as  to  make  them  a fit  objedt  for  the  eye,  many  of  thofe  colours 
feem  to  be  generated  which  are  produced  by  precipitation  ; efpecially  if 
made  with  fair  water;  as  when  refinous  gums,  diffolved  in  fpiritof  wine, 
are  let  fall  again,  if  the  fpirit  be  greatly  diluted  with  that  weakening  li- 
quor. And  thus  out  of  the  rectified  and  tranfparent  butter  of  antimony, 
there  will,  by  the  bare  mixture  of  fair  water,  be  plentifully  precipitated 
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Physics,  that  milk-white  fubftance,  which,  by  having  its  loofer  falts  well  wafhed 
\yW  off,  is  turned  into  Mercurius  vitce . 

A fifth  way  wherein  a liquor  may  change  the  colour  of  a body,  is  by 
diflocating  its  parts,  and  changing  their  order  ; at  the  fame  time,  per^- 
haps,  alfo  altering  the  pofition  of  the  fingle  corpufcles,  as  well  as  their 
fituation  in  refpecft  of  one  another.  What  fhare  particular  commotions  or 
difiocations  of  the  parts  of  a body  may  have  in  changing  its  colour,  is 
evident  from  the  mutations  of  that  quality  obfervable  in  quickfilver,  and 
fome  other  concretes,  long  kept  by  chymifts  in  a convenient  heat,  tho*  in 
clofe  veffels ; and  alfo  in  the  obvious  degenerations  thereof  in  bruifed 
cherries,  and  other  fruit:  and  that  filch  liquors  as  we  have  been  fpeak- 
ing  of,  may  greatly  difcompofe  the  textures  of  many  bodies,  and  thereby 
alter  the  difpofition  of  their  fuperficial  parts,  the  great  commotion 
made  in  metals  and  other  fubftances  by  Aqua  fortis , oil  of  vitriol,  &V. 
eafily  perfuade  u*.  And  what  fuch  a varied  fituation  of  parts  may  do  to- 
wards diverfifying  the  manner  wherein  they  reflect  the  light,  may  be 
guefied,  in  fome  meafure,  by  the  pulverization  of  tranfparent  glafs,  which 
thereby  becomes  a white  powder  i but  ftill  better,  by  the  experiments  we 
lhall  hereafter  fet  down,  with  relation  to  the  produ&ion  and  definition  of 
colours  by  fubtile,  faline  liquors.  And  in  fome  chymical  oils,  as  parti- 
cularly in  that  of  lemon-peel,  the  tranfpofition  of  the  parts,  confequent 
upon  bare  concuflion,  will  reprefent  on  the  furfaces  of  the  bubbles  there- 
by occafioned,  exceeding  lively  colours,  which,  when  the  bubbles  relapfe 
into  the  reft  of  the  oil,  immediately  vanilh.  I know  not  whether  1 ftiould 
mention,  as  a diftint  method,  that  power  whereby  a liquor  may  alter  the 
colour  of  another  body,  by  putting  the  parts  of  it  into  motion  •,  for  tho% 
poflibly,  the  motion  fo  produced,  feldom,  of  a fudden,  changes  the  colour 
of  the  body  whofe  parts  are  agitated  ; yet  this  feems  to  be  one  of  the  moft 
general,  tho’  not  immediate  caufes  of  the  quick  change  of  colours  in  bo- 
dies ; for  the  parts  being  put  into  motion  by  the  adventitious  liquor,  ma- 
ny of  them,  that  were  before  united,  may  be  thereby  disjoined  •,  and 
when  that  motion  ceafes  or  decreafes,  others  of  them  may  ftick  together 
in  a new  order  : by  which  means  the  motion  may  fometimes  produce  per- 
manent changes  of  colours ; as  in  the  experiment  we  lhall  hereafter  men- 
tion, where  a fnow-white  body  is  immediately  turned  into  a yellow,  by 
the  bare  affufion  of  fair  water.  And  tho’  when  you  rub  good  blue  vitriol 
upon  the  clean  blade  of  a knife,  it  will  not  impart  its  latent  colour  thereto  ; 
yet  if  you  moiften  that  fubftance  with  common  water,  the  particles  of 
the  liquor  disjoining  thofe  of  the  Hone,  and  thereby  giving  them  the  va- 
rious agitation  requifite  to  fluid  bodies,  the  metalline  corpufcles  of  the  vi- 
triol thus  diffolved  will  lodge  themfelves  in  throngs  in  the  fmall  pores  of 
the  iron,  and  give  the  furface  of  it  the  genuine  colour  of  copper. 

Laftly,  The  moft  important  way,  by  which  a liquor  may  alter  the  co- 
lour of  another  body,  is  by  aflociating  the  faline,  or  other  more  rigid  cor- 
ufcles  of  the  liquor,  with  the  particles  of  the  body  whereon  it  is  em- 
ploy’d fo  work.  For  thefe  adventitious  corpufcles  uniting  with  the  pro- 

x tuberant 


upon  Colours.  19 

tuberant  particles  of  thefurface  of  a coloured  fubftance,  muft  neceflarily  Physics. 
alter  their  bignefs,  and  moft  commonly  their  fhape.  And  that  the  co-  ^/YV 
lours  of  bodies  greatly  depend  upon  the  bulk  and  figure  of  their  fuperfi- 
cial  particles,  feems  probable,  fince  many  ancient  and  modern  philofo- 
phers  have  thought,  that  all  colours  might,  in  the  general,  be  accounted 
for  from  them  alone.  The  diverfification  hereof  will,  in  our  cafe*  beat- 
tended  with  thefe  two  circumftances  ; the  one,  that  the  protuberant  par- 
ticles being  increafed  in  bulk,  muft  often  be  varied  as  to  the  clofenefs  or 
laxity  of  their  order  *,  fewer  of  them  being  contained  within  the  fame 
fenfible  fpace  than  before  ; or  elfe,  by  approaching  one  another,  they 
muft  ftreighten  the  pores  ; and  perhaps  too  by  the  manner  of  their  affo- 
ciating  themfelves  with  the  protuberant  particles,  intercept  new  pores. 

And  thus,  alfo,  thefe  adventitious  corpufcles  may  produce  a great  change, 
as  well  in  the  little  cavities,  as  in  the  protuberances  of  a coloured  body ; 
for  they  may  likewife,  by  lodging  themfelves  in  thofe  little  cavities,  fill  them 
up  ; and  it  may  eafily  happen,  that  they  lhall  not  only  fill  the  pores  they 
infinuate  themfelves  into,  but  have  their  upper  parts  extant  above  them  : 
and  partly  by  fuch  new  protuberances,  partly  by  increafing  the  bulk  of 
the  former,  thefe  extraneous  corpufcles  may  much  alter  the  number  and 
bignefs  of  the  fuperficial  pores,  changing  the  old  ones,  and  intercepting 
new  ; and  very  probably  the  order  of  the  little  extancies,  and  confequent- 
ly  that  of  the  little  depreflions,  in  point  of  fituation  will  be  altered  like- 
wife. Thus  if  you  dififolve  quickfilver  in  fome  kinds  of  Aqua  fortis>  the 
faline  particles  of  the  menftruum  aflociating  themfelves  with  the  mercu- 
rial globules,  will  make  a green  folution,  which  afterwards  eafily  dege- 
nerates ; and  red  lead,  diftolved  in  fpirit  of  vinegar,  yields  a clear  folu- 
tion, the  rednefs  of  the  lead  being  deftroyed  by  the  liquor.  But  a better 
inftance  is  afforded  from  copper ; for  1 have  try’d,  that  if  upon  a copper 
plate  you  let  fome  drops  of  weak  Aquafortis  reft  for  a while,  the  cor- 
pufcles of  the  menftruum  joining  with  thofe  of  the  metal,  will  produce 
a very  fenfible  afperity  upon  the  furface  of  the  plate,  and  thence  coagu- 
late into  very  minute  grains  of  a pale  blue  vitriol  tho%  if  upon  another 
part  of  the  fame  plate  you  fuffer  a little  ftrong  fpirit  of  urine  to  remain 
for  a competent  time,  the  rough  furface  will  be  adorned  with  a deeper 
and  richer  blue.  And  the  fame  Aqua  fortis , that  fuddenly  changes  the  red- 
nefs of  minium  into  a darker  colour,  will,  being  put  upon  crude  lead, 
produce  a whitifh  fubftance,  as  with  copper  it  did  a bluifh,  and  as  with  iron 
it  gives  a reddifh,  and  on  white  quills  a yellowifh  colour : fo  much  may 
the  coalition  of  the  parts  of  the  fame  liquor,  with  the  differently  figured 
particles  of  folid  bodies  feveral  ways  turn  the  differingly  difpofed  furfa- 
ces  rough,  and  diverfify  the  colour  of  thofe  bodies.  And  ’twill  be  eafily 
believed,  that  in  many  changes  of  colour,  which  happen  upon  the  diffolu- 
tions  of  metals,  and  precipitations  made  with  oil  of  tartar,  &c.  a coa- 
lition of  faline  corpufcles  may  be  made  with  the  particles  of  the  body 
diffolved  or  precipitated  ; if  we  confider  how  much  the  vitriol  of  a metal 
may  be  heavier  than  the  pure  metalline  part  thereof,  upon  account  of  the 
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faline  parts  coagulated  therewith  ; and  that  in  feveral  precipitations  the 
weight  of  the  calx,  for  the  fame  reafon,  much  exceeds  that  of  the  metal 
when  it  was  firft  expofed  to  be  diflolved. 

But  I am  not  aiming  to  eftablifh  a particular  theory  of  colours,  only 
defign  to  offer  fome  experiments  and  obfervations  on  the  fubjedt  of  them. 
I fhall,  therefore,  add  but  two  particulars  more,  with  relation  to  the  forms 
of  fuperficial  afperity  in  coloured  bodies.  And  firft,  I fay,  that  there  are 
many  other  means  whereby  true  and  permanent  colours  may  be  produced 
in  bodies,  befides  thofe  practicable  by  the  help  of  liquors  ; for  proof 
whereof  feveral  examples  might  be  alledged  *,  but  I need  only  refer  to 
what  we  have  already  obferved  of  the  change  of  colours  fuddenly  made 
on  tempered  fteel  and  lead,  by  the  operation  of  heat,  without  the  interpo- 
fition  of  a liquor.  Secondly,  I obferve,  what  is  of  more  importance  to 
our  prefent  fubjedt,  that  though  nature  and  art  may,  in  fome  cafes,  fo 
change  the  afperity  of  the  fuperficial  parts  of  a body,  as  to  alter  its  colour 
by  any  of  the  mentioned  ways  a-part,  yet ’tis  generally  by  two  or  three, 
or  perhaps  by  more  of  them  together,  that  the  effedt  is  produced  ; and  if 
it  be  confidered  how  varioufly  thofe  feveral  ways,  with  others  of  the  like 
nature,  may  be  compounded  and  applied,  it  will  not  appear  furprizing, 
that  fuch  fruitful  principles  fhould  be  fitted  to  change  or  generate  many 
differing  colours. 

Hitherto  we  have  confidered  the  little  protuberances,  or  other  fuper- 
ficial particles  which  conftitute  the  roughnefs  of  bodies,  as  if  we  took  it 
for  granted  that  they  mu  ft  be  perfectly  opake,  and  impenetrable  to  the 
rays  of  light,  and  fo  contribute  to  the  variety  of  colours,  as  they  flop 
more  or  lefs  thereof,  and  refledt  them  to  the  eye  particularly  mixed  with 
more  or  lefs  of  fhade.  I have  often  thought  it  worth  a ferious  enqui- 
ry, whether  or  no  particles  of  matter,  each  of  them  fingly  infenfible,  may 
not  yet  feparately  confift  of  many  minuter  particles,  betwixt  which  we 
may  conceive  little  jundtures,  where  they  adhere  to  one  another,  in  fome 
degree  pervious  to  the  prodigioufiy  fubtile  corpufcles  of  the  rays  of  light ; 
whence  confequently  thofe  particles  would,  in  fuch  a degree,  be  diaphanous. 
For  as  perfectly  opake  bodies  can  only  refledt  the  incident  rays  of  light,  thofe 
that  are  diaphanous  refradt  * them  too  j and  that  refradtion  has  a great 
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* Refrangibility  of  the  rays  of  light  is 
their  difpofition  to  be  turned  out  of  their 
way,  in  palling  out  of  one  tranfparent 
body  into  another  ; reflexibility,  their 
difpofition  to  be  turned  back  into  the 
fame  medium  from  the  furface  of  any  o- 
ther.  Sir  Ifaac  Nezvton  firft  Ihewed  the 
precife  difference  between  them,  in  the 
Pbilofopbical  TranfaXions , N°.  80.  A.  D. 
1671.  and  in  feveral  fubfequent  pieces 
which  occur  in  the  fame  HranfaXions , fo 
far  vindicated  his  difcovery  from  feveral 


objections  made  againft  it,  that  his 
opponents,  and  particularly  F.  Par  dies, 
ingenuOully  acknowledged  themfelves 
fatisfied  with  it.  At  length  Sir  Ifaac  pub- 
lilhed  his  doClrine  more  fully,  in  his 
excellent  treatife  of  the  reflexions,  re- 
fractions, inflexions , and  colours  of  light  j 
wherein  he  confirms  it  by  numerous  ex- 
periments, made  with  the  utmoft  fimpli- 
city  and  plainnefs.  Herein  he  Ihews  that 
the  colours  of  light  produced  by  the 
prifm,  and  alfo  thofe  refle&ed  from  opake 
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hand  m the  produ&ion  of  colours,  appears  from  light  palling  thro’  drops 
of  water,  which  exhibits  a rain-bow  * thro’  pr  i frna  tic  g lattes,  and  many 
other  tranfparent  bodies.  And  I find,  that  in  a darkned  room,  where  the 
light  is  permitted  to  enter  but  at  one  hole,  the  little  floating  particles  of 
duff,  commonly  called  motes,  being  viewed  by  an  eye  placed  on  one  fide 
of  the  beam  of  light,  appear  in  certain  pofitions  adorned  with  very  vivid 
colours,  likethofeof  the  rain-bow,  or  rather  like  thofe  of  very  minute 
fparkling  fragments  of  diamonds;  and  thatasfoon  as  their  motion  has 
brought  them  to  an  inconvenient  pofition  in  regard  to  the  light  and  the 
eye,  they  are  only  viflble,  without  affording  any  lively  colours  : which 
feems  to  argue,  that  this  dull,  or  minute  fragments  of  feveral  forts  of 
bodies  reputed  opake,  and  only  crumbled  into  duft,  do  not  barely  reflect 
the  rays  that  fall  upon  them,  but  reflect  them  to  the  eye  refradted. 

We  may  alfo  obferve,  that  feveral  bodies,  which  pafs  for  opake,  appear 
in  great  meafure  tranfparent,  when  reduced  into  thin  parts,  and  held 
againfl:  a ftrong  light.  This  I have  not  only  taken  notice  of  in  pieces  of 
ivory  reduced  to  thickifh  leaves,  in  many  confiderable  thick  fhells  of  fifh, 
and  in  (havings  of  wood  *,  but  have  alfo  found,  that  a piece  of  very  thick 
deal  purpofely  interpos’d  betwixt  my  eye  and  the  clear  day-light,  appear’d 
quite  thorough  of  a lovely  red.  And  in  the  darkned  room  above-men- 
tioned, bodies  held  againfl  the  hole  at  which  the  light  enter’d,  appear’d 
far  lefs  opake  than  they  would  elfewhere  have  done : fo  that  I could 
eaflly  and  plainly  fee,  thro’  the  whole  thicknefs  of  my  hand,  the  motions  of 
a body  placed  at  a very  fmall  diftance  beyond  it.  And  even  in  minerals* 
the  opacity  is  not  always  fo  exceeding  great,  if  the  body  be  made  thin  ; 
for  white  marble,  though  of  a pretty  thicknefs,  being  within  a due  diftance 
placed  betwixt  the  eye  and  a convenient  light,  will  fuffer  the  motions  of 
one’s  finger  to  be  well  difcern’d  through  it  *,  and  fo  will  thick  pieces  of 
many  common  flints.  But,  above  all,  that  inftance  afforded  us  by  Mufcovy 
glafs  is  remarkable  ; for  tho’  plates  of  this  mineral  of  a moderate  thick- 
nefs often  appear  opake,  yet  if  one  of  thefe  be  dextroufly  fplit  into  the 
thinneft  leaves ’tis  made  up  of,  it  will  yield  fuch  a number  of  them,  as 
fcarce  any  thing  but  experience  could  have  induced  me  to  believe. 
Thefe  leaves  afford  the  moft  tranfparent  fort  of  folid  bodies  that,  for 
ought  I have  obferved,  are  yet  known  : and  a Angle  plate  of  it  will  be  fo 


bodies,  have  different  degrees  both  of  re- 
flexibility and  refrangibility ; and  that  the 
mixture  of  all  the  coloured  rays,  into 
which  the  fun’s  light  is  thrown  by  the 
prifm,  makes  white  light;  and  therefore, 
that  all  homogenial  light,  that  is,  light 
whofe  rays  are  all  alike  refrangible,  have 
a peculiar  colour  anfwering  to  their  de- 
gree of  refrangibility  ; that  this  is  un- 
alterable by  any  farther  reflections  or  re- 
fractions whatever ; that  the  fun’s  light  is 
compoled  of  all  the  primary  colours  to- 


gether ; and  that  compound  colours  pro- 
ceed from  a mixture  of  the  primary. 
Hence  it  follows,  that  no  colours  can 
arife  from  any  new  modifications  of 
light.  But  Sir  Ifaac  is  of  opinion,  that 
the  permanent  colours  of  bodies  are  owing 
to  the  difpofition  of  them  to  refleft 
fome  one  fort  of  rays,  as  red,  blue, 
more  plentifully  than  others.  Hence  red 
bodies  appear  moil  beautiful  in  red  light, 
blue  bodies  in  blue  light,  &c, 

far 
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Physics,  far  from  being  opake,  that  *tis  fcarce  fo  much  as  vifible.  And  multitudes 

Unr\_/  of  bodies  there  are,  whofe  fragments  feem  opake  to  the  naked  eve  which 
yet,  when  included  in  good  microfcopes,  appear  tranfparent.  On  the 
other  hand,  there  may,  perhaps,  be  fome  bodies,  whofe  minute  particles 
even  in  an  excellent  microfcope,  will  not  appear  diaphanous.  For  upon 
viewing,  by  the  help  of  a good  glafs,  mercury  precipitated  the 

little  granules  that  made  up  the  powder,  appeared  like  little  fragments  of 
coral  beheld  at  a diftance,  with  the  naked  eye.  Filings  of  Heel  likewife 
and  copper,  tho’  viewed  in  an  excellent  microfcope,  on  a fair  day’ 
mow  dhke  pretty  large  fragments  of  thofe  metals,  and  appear’d  con- 
fiderably  bright  on  fome  of  their  furfaces  ; yet  I was  not  fatisfv’d  that  I 
perceived  reflexions  from  the  inner  parts  of  any  of  them.  Nay  , looking 
thro’  my  belt  microfcope  upon  the  red  calx  of  lead,  neither  I,  nor  any  to 
whom  1 Ihew  d it,  could  difcern  it  to  be  other  than  opake,  tho’  the  day  was 
clear,  and  the  object  ftrongly  enlighten’d.  And  even  calcined  vitriol,  tho’ 
deeply  red,  appeared  in  the  fame  microfcope  like  coarfe  brick-duft  Nor 
would  I be  forward  to  determine  how  far,  or  in  what  cafes  the  tranfpa- 
rency  or  femi-diaphaneity  of  the  fuperficial  corpufcles  of  larger  bodies 
may  have  an  intereft  in  the  production  of  their  colours;  efpecially  fince 
even  in  feveral  white  fubftances,  as  beaten  glafs,  fnow,  and  froth,  where  it 
feems  manifeft  that  the  fuperficial  parts  are  fingly  diaphanous,  we  fee  no 
fuch variety  of  colours  as  is  ufual  from  the  refraftion  of  light  in  thofe 
bodies,  when  by  their  bignefs,  fhape,  &V,  they  are  properly  qualified  to 
exhibit  the  colours  of  the  rain-bow  and  prifmatic  glals  d". 

By 


-f  For  a clear  account  of  opacity  and 
tranfparency,  let  us  hear  the  excellent 
Sir  If.  Newton.  The  opacity  of  bodies  pro- 
ceeds (according  to  that  great  Philofopher) 
from  the  multitude  of  reflexions  caufed  in 
their  internal  parts,  by  a difcontinuity  of 
them ; for  •*  between  the  parts  of  opake 
“ and  cdoured  bodies  are  many  fpaces, 
“ either  empty,  or  replenilhed  with  me- 

“ diumsof  other  denfities., And  that  this 

14  difcontinuity  of  parts  is  the  principal 
**  caU'fe  of  the  opacity  of  bodies,  appears 
**  from  confidering,  that  opake  fubftances 
“ become  tranfparent  by  filling  their  pores 
“ with  any  fubftance  of  nearly  equal  den- 
**  fity  with  their  parts.  Thus  paper  dipt  in 
**  water  or  oil,  the  Ocuhts  muttdi  Hone 
“ flteped  in  water,  linen  cloth  oil’d  or 
“ varnifh’d,  and  many  other  fubftances 
if  foaked  in  fuch  liquors  as  will  inti  - 
**  mately  pervade  their  little  pores,  become, 
“ by  that  means,  more  tranfparent  than 
“ otherwife : fo,  on  the  contrary,  the 
“ molt  tranfparent  fubftances  may,  by 


“ evacuating  their  pores,  or  feparating  their 
“ parts,  be  render’d  fufficiently  opake;  as 
“ or  wet  paper,  or  the  Oculiv 
mundi  ftone,  by  being  dried ; horn, 
“ by  being  feraped  ; glafs,  by  being  re- 
“ duced  to  powder,  or  otherwife,  flaw’d  ; 
“ turpentine,  by  being  ftirred  about  with 
“ water,  till  they  mix  imperfeXly  ; and 
water,  by  being  form’d  into  many  final  1 
bubbles,  either  alone,  in  the  form  of 
“ froth,  or  by  fhaking  it  together  with 
**  oil  of  turpentine,  or  oil  olive,  or 
“ with  fome  other  convenient  liquor, 
“ wherewith  it  will  not  perfectly  incor- 
porate. And  to  the  increafe  of  the 
opacity  of  thefe  bodies,  it  conduces 
“ fomething,  that  the  reflexions  of  very 
thin,  tranfparent  fubftances  are  confi- 
“ derably  llronger  than  thofe  made 
“ by  the  fame  fubftances  of  a greater 
“ fhicknefs.”  Newton.  Optic,  p .223,  224. 

Sir  lfaac  Newton  farther  obferves,  that 
the  parts  of  bodies,  and  their  mterftices, 
inuft  not  be  lefs  than  of  fome  definite 
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By  what  has  hitherto  been  delivered  we  may  be  a flitted  to  judge  of  that  Physics. 
famous  controverfy  anciently  held,  betwixt  the  atomitts  on  one  fide,  and 
molt  other  philofophers^n  the  other  fide  *,  the  former  denying  bodies  to  Whether  ob- 
be  coloured  in  the  dark,  and  the  latter  maintaining  colour  to  be  an  inh  z^inred\u°ibt 
rent  quality,  as  well  as  figure,  hardnefs,  weight,  &c.  For,  if  colours? 
be  only  light  modify ’d,  how  can  it  fubfift  in  the  dark  ? But  if  colour  be 
confidered  as  a certain  confiant  difpofition  of  the  fuperficial  parts  of  the 
objedt,  to  diforder  the  light  they  refledt  after  a determinate  manner  ; as 
this  modifying  difpo(ition  perfeveres  in  the  objedl,  whether  it  be  enlighten’d 
or  not,  there  feems  no  juft  reafon  to  deny,  that,  in  this  fenfe,  bodies  re- 
tain their  colour  as  well  in  the  night  as  in  the  day.  Or  it  may,  upon  this 
fiippofition,  be  otherwife  faid,  that  bodies  are  potentially  coloured' in  the 
dark,  and  adlually  coloured  in  the  light. 

But  ’tis  of  greater  moment  in  the  inquiry  into  the  nature  of  colours,  Whether  em- 
to  decide  that  controverfy,  whether  thofe  of  the  rain- bow  •,  thofe  often  fiatical  co- 
feen  in  clouds  before  the  rifing,  or  after  the  fetting  of  the  fun;  and, 
in  a word,  whether  thofe  other  colours,  ufually  called  emphatical,  ought  ^ y 
to  be  accounted  true  : for  it  being  generally  granted,  and  may  eafily  be 
proved,  that  emphatical  colours  are  light  modify’d  chiefly  by  refractions, 

with 


bignefsto  render  them  opake  and  coloured  ; 
4‘  for  the  opakeft  bodies,  if  their  parts  be 
“ fubtily  divided,  become  perfectly  tranf- 
“ parent.  Thus  water,  fait,  glafs,  ftones, 
“ and  fuch  like  fubftances,  are  transparent  ; 
“ for,  upon  divers  confutations , they 
**  feem  to  be  as  full  of  pores  or  interfaces 

between  their  parts  as  other  bodies  are ; 
w but  yet  their  parts  and  interfaces  feem  to 
“ be  too  fmall  to  caufe  reflexions  in  their 
**  common  furfaces.  ” Newton . Optic,  p. 
225. 

“ The  tranfparent  part  of  bodies,  fays 
“ Sir  lfaac  Newton , according  to  their  fe- 
“ veral  fizes,  reflect  rays  of  one  colour, 
“ and  tranfmit  thofe  of  another,  on  the 
**  fame  grounds  that  thin  plates  or  bubbles 
“ do  refleft  or  tranfmit  thofe  rays;  ” and 
this  Sir  lfaac  takes  to  be  the  ground  of  all 
their  colours : “ for  if,  fays  he,  a thinned 
“ or  plated  body,  which  being  of  an  even 
“ thicknefs,  appears  all  over  of  one  uni- 
“ form  colour,  fhould  be  flit  into  threads, 
“ or  broken  into  fragments,  I fee  no  rea- 
“ fon  why  every  thread  or  fragment  fhould 
“ not  keep  its  colour;  and,  by  confe- 
“ quence,  why  a heap  of  thofe  threads  or 
“ fragments,  fhould  not  conflitute  a mafs 
“ or  powder  of  the  fame  colour  which  the 
“ plate  exhibited  before  it  was  broken. 


tx  And  the  parts  of  all  natural  bodies  be- 
“ ing  like  fo  many  fragments  of  a plate, 
“ mufl,  on  the  fame  grounds,  exhibit  the 
“ fame  colour.  Now  that  they  do  fo,  will 
appear  by  the  affinity  of  their  proper- 
“ ties.  The  finely  coloured  feathers  of 
“ fome  birds,  and  particularly  thofe  of 
“ peacocks  tails,  do,  in  the  very  fame  part 
“ of  the  feather,  appear  of  feveral  colours 
“ in  feveral  pofitions  of  the  eye,  after  the 
t(  very  fame  manner  that  thin  plates  do. 
“ And  therefore  their  colours  arife  from 
“ the  thinnefs  of  the  tranfparent  parts  of 
“ the  feathers;  that  is,  from  the  flender- 
tc  nefs  of  the  very  fine  hairs,  or  Captlla- 
“ menta , which  grow  out  of  the  fldes  of 
t(  the  grofler  lateral  branches  or  fibres  of 
“ thofe  feathers.  And  to  the  fame  pur- 
“ pofe  it  is,  that  the  webs  of  fome  fpi- 
“ ders,  by  being  fpun  very  fine,  have  ap« 
“ peared  coloured  ; and  that  the  coloured 
“ fibres  of  fome  filks,  by  varying  the  po- 
“ fition  of  the  eye,  do  vary  their  colour. 
te  Alfo  the  colours  of  filks,  cloths,  and 
M other  fubftances  which  water  or  oil 
<(  can  intimately  penetrate,  become  more 
“ fp.int  and  obfcure,  by  being  immer- 
“ fed  in  thofe  liquors,  and  recover  their 
“ vigor  again,  by  being  dried  after  the 
“manner  of  thin  bodies.  Leaf- gold, 
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Physics,  with  the  concurrence  fometimes  of  reflections,  and  perhaps  other  acci- 

k^TSJ  dents  depending  on  them  both  •,  if  thefe  emphatical  colours  be  refolved 
genuine,  it  will  feem  to  follow,  that  colours,  or  at  lead  many,  of  them, 
are  but  diverfify’d  light,  and  not  fuch  real  and  inherent  qualities  as  men 
commonly  fuppofe. 

Now  fince  we  allow  echoes,  and  other  founds  of  bodies,  to  be  true 
founds,  all  their  odours  to  be  true  odours,  and  in  fliort,  other  fenfible  qua- 
lities to  be  true,  becaufe  they  are  the  proper  objects  of  fome  of  our 
fenfesj  I fee  not  why  emphatical  colours,  being  the  proper  and  pecu- 
liar objeCts  of  the  organ  of  light,  and  capable  to  affeCt  it  as  truly  and  as 
powerfully  as  other  colours,  fhould  be  reputed  imaginary.  And  if  we 
have  proved,  that  colour,  when  taken  in  its  more  proper  fenfe,  is  only 
modify’d  light,  there  will  be  little  reafon  to  deny,  that  thefe  are  true 
colours,  which  more  manifeftly  than  others  (hew  themfelves  to  be  pro- 
duced by  the  diversifications  of  light.  There  is  indeed  a difference 
taken  notice  of  betwixt  thefe  apparent  colours,  and  thofe  that  are  ufu- 
ally  efteemed  genuine,  as  to  their  duration  ; which  has  induced  fome 
learned  men  to  call  the  former  rather  evanid  than  fantaftical.  But,  as 
Gajfendus  obferves,  if  this  way  of  arguing  were  true,  the  greennefs  of  a 
leaf  ought  to  pafs  for  apparent,  becaufe  foon  fading  into  a yellow,  it  cannot 

£t  fome  forts  of  painted  glafs,  the  infufion 
“ of  Lignum  Nepbriticum , and  fome  other 
“ fubltances,  refleft  one  colour,  and  tranf- 
“ mit  another,  like  thin  bodies  alfo.  And 
“ fome  of  thofe  coloured  powders  which 
**  painters  ufe,  may  have  their  colours  a 
“ little  changed,  by  being  very  elaborate- 
“ ly  and  finely  ground.  Where  I fee  not 
“ what  can  be  juftly  pretended  for  thofe 
“ changes,  befides  the  breaking  of  their 
“ parts  into  lefs  parts,  by  that  contrition  > 

“ after  the  fame  manner  that  the  colour  of 
“ a thin  plate  is  changed,  by  varying  its 
“ thicknefs : for  which  reafon  alfo  it  is, 

“ that  the  coloured  flowers  of  plants  and 
“ vegetables,  by  being  bruifed,  ufually  be- 
“ come  more  tranfparent  than  before  ; or 
“ at  lead  in  fome  degree  or  other  change 
“ their  colours.  And  thus,  by  mixing  va- 
**  nous  liquors,  very  odd  and  remarkable 
"**  produftions  and  changes  of  colours  may 
if  be  effected,  of  which  no  caufe  can  be 
“ more  obvious  and  rational,  than  that  the 
“faline  corpufcles  of  one  liquor  do  vari- 
“ °ufly  aft  upon,  or  unite  with,  the  tin- 
“ g»ng  corpufcles  of  another,  fo  as  to  make 
rt<  them  fwell  or  fhrink,  (whereby  not  only 
“ their  bulk,  but  their  denflty  alfo  may 
" be  changed]  or  to  divide  them  into  fmal- 


“ ler  corpufcles,  (whereby  a coloured  Ji- 
“ quor  may  become  tranfparent)  or  to 
“ make  many  of  them  aflociate  into  one 
“ duller,  whereby  two  tranfparent  liquors 
“ may  compofe  a coloured  one.  For  we 
‘ ‘ fee  how  apt  thofe  faline  menftrua  are  to 
“ penetrate  and  diflolve  fubftances  to  which 
“ they  are  applied  ; and  fome  of  them  to 
“ precipitate  what  others  diflolve.  In 
“ like  manner,  if  we  confider  the  various 
“ phenomena  of  the  atmofphere,  we  may 
“ obferve,  that  when  vapours  are  firft  rai- 
“ fed,  they  hinder  not  the  tranfparency  of 
the  air ; being  divided  into  parts  too 
“ ffnall  to  caufe  any  reflexion  in  their  fu- 
perficies.  But  when,  in  order  to  com- 
pofe drops  of  rain,  they  begin  to  coa- 
“ lefee,  and  conftitute  globules  of  all  inter- 
“ mediate  fi7.es,  thofe  globules,  when  they 
“ become  of  a convenient  fize  to  refleft 
“ fome  colours,  and  tranfmit  others,  may 
“ conftitute  clouds  of  various  colours,  ac- 
“ cording  to  their  fizes.  And  I fee  not 
“ what  can  be  rationally  conceived  in  fo 
“ tranfparent  a fubftance  as  water,  for  the 
“ produftion  of  thefe  colours,  befides  the 
“ various  fizes  of  its  fluid  and  globular  par- 
“ cels.’*  Newton . Opt.  p,  226, 228. 
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be  compared,  in  point  of  duration,  with  the  greennefs  of  an  emerald.  Physics. 
But  if  the  fun-beams  pafs  in  a convenient  manner  thro’  a glafs  prifm,  fo 
as  to  be  thrown  upon  fome  well  fhaded  objedt,  within  a room  ; the  rain- 
bow thereby  painted  on  the  furface  of  a body  that  terminates  the  rays, 
may  often  laft  longer  than  fome  colours  I have  produced  in  certain  bodies  : 
which  colours  would  juftly,  and  without  fcruple,  be  accounted  genuine, 
tho’  they  fuddenly  degenerate,  and  lofe  their  nature. 

A greater  difparity  betwixt  emphatical  colours,  and  others,  may,  per- 
haps, be  urged  ; becaufe  genuine  colours  feem  to  be  produced  in  opake 
bodies,  by  reflection  ; but  apparent  ones,  in  diaphanous  bodies,  princi- 
pally, by  refraction  : for,  in  fome  cafes,  reflection,  alfo,  may  concur. 

But  ftill  this  feems  not  to  prove,  that  thefe  latter  colours  are  falfe  ones ; 
nor  muft  what  wc  lately  faid  of  the  differences  of  true  and  ap^rent  co- 
lours, be  underftood  in  too  unlimited  a fenfe  : for  if  water  be  agitated 
into  froth,  it  exhibits  a white  colour,  which  it  foon  after  lofes  upon  the 
refolution  of  the  bubbles  into  air  and  water  ; in  which  cafe,  the  whitenefs 
of  the  froth  is  either  a true  colour,  or  not.  If  it  be  true,  then  true  colours, 
fuppofing  the  water  pure,  may  prove  as  fhort-lived  as  thofe  of  the  rain  - 
bow ; and  the  matter  wherein  the  whitenefs  refided,  may,  in  a few  mo- 
ments, be  perfectly  deprived  of  it.  Befides,  even  diaphanous  bodies 
may  be  capable  of  exhibiting  true  colours,  by  reflection  ; for  that  white- 
nefs is  fo  produced,  will  lhortly  appear.  But  if  it  be  faid,  that  the 
whitenefs  of  froth  is  an  emphatical  colour  ; then  it  muft  no  longer  be 
faid,  that  fantafticai  colours  require  a certain  pofition  of  the  illuminating 
body  and  the  eye  ; and  muft  be  varied  or  deftroyed  by  the  change  there- 
of : for  froth  appears  white,  whether  the  fun  be  riling  or  fetting  •,  in  the 
meridian,  or  any  where  between  that  and  the  horizon  ; and  in  what  part 
foever  the  fpeCtator’s  eye  is  placed.  And  fince,  by  making  a liquor  tena- 
cious, without  deftroying  its  tranfparency,  or  ftaining  it  with  any  colour, 
we  can  give  the  little  films  whereof  the  bubbles  confift,  fuch  a texture  as 
will  make  the  froth  laft  for  many  hours,  or  days,  together;  it  feems  im- 
proper to  aflign  duration  for  the  diftinguifhing  character  of  genuine 
from  fantaftic  colours : for  fuch  froth  may  long  out-laft  the  true  colours 
of  fome  natural  productions.  Thus  in  that  gaudy  plant,  the  marvel  of 
Peru , the  flowers  often  fade  on  the  very  fame  day  they  are  blown.  And  I 
have  often  feen  a Virginia  flower,  which  ufually  withers  within  the  com- 
pafs  of  a day.  I am  alfo  credibly  inform’d,  that  a curious  neighbouring 
botanift  has  a plant  whofe  flowers  perifh  in  about  an  hour’s  time. 

But  if  the  whitenefs  of  water,  turn’d  into  froth,  muft  therefore  be  re- 
puted emphatical,  becaufe  it  appears  not  that  the  nature  of  the  body,  but 
only  that  the  difpofition  of  its  parts,  with  regard  to  the  incident  light,  is 
changed  ; why  may  not  that  whitenefs  be  accounted  emphatical  too, 
which  I fhali  lhortly  Ihew  to  be  producible,  barely  by  fuch  another  change 
in  black  horn  ? And  yet  this  whitenefs,  which  is  fo  eafily  acquir’d,  feems 
to  be  as  truly  its  colour  as  blacknefs  v/as  before  ; and  is,  at  leaft,  more 
permanent  than  the  greennefs  of  leaves,  the  rednefs  of  rofes,  or  the  ge- 
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nuine  colours  of  moft  natural  productions.  It  may,  indeed,  be  further 
objected,  that,  according  as  the  fun  or  other  luminous  body  changes 
place,  thefe  emphatical  colours  alter,  or  vanifli.  If  a piece  of  cloth,  in  a 
draper’s  (hop,  where  the  light  is  feldom  primary,  be  varioufly  folded,  it 
will  appear  of  different  colours,  as  the  parts  happen  to  be  more  illumina- 
ted or  fliaded  ; and  if  you  ftretch  it  flat,  it  will  commonly  exhibit  fome 
one  uniform  colour;  yet  thefe  are  not  reputed  emphatical:  fo  that 
the  difference  feems  to  be  chiefly  this,  that  in  the  cafe  of  the  rain- bow, 
and  the  like,  the  pofition  of  the  illuminating  body  varies  the  colour;  and, 
in  cloth,  the  pofition  of  the  objecff  does  it.  Yet  I am  not  forward  to  al- 
low, that  in  all  cafes  the  apparition  of  emphatical  colours  requires  a de- 
terminate pofition  of  the  eye  ; for  if  men  will  have  the  whitenefs  of 
froth  emdiatical,  we  have  already  feen  what  may  be  inferred  from  thence. 
Befides,*ie  fun-beams  tranfmitted  thro’  a triangular  prifm  of  glafs, 
after  the  manner  lately  mentioned,  will,  upon  the  body  that  terminates 
them,  paint  a rain-bow,  viflble  to  the  eye,  whether  placed  on  the  right 
hand  of  it,  or  on  the  left;  above  it,  or  beneath  it ; before  it,  or  behind 
it : and  tho’  there  may  appear  fome  little  variation  in  the  colours  of  the 
rain-bow,  beheld  from  different  parts  of  the  room  ; yet  the  like  may  be 
obferved  by  an  attentive  eye,  in  real  colours,  view’d  under  the  like  cir- 
cumftances.  Nor  will  it  follow,  that,  becaufe  there  remain  no  foot- 
iteps  of  the  colour  upon  the  objecff,  when  the  prifm  is  removed,  that 
therefore  the  colour  was  not  real ; fince  the  light  was  truly  modify’d  by 
the  refraction  * and  reflection  it  fuffer’d  in  palling  thro’  the  prifm : and 
the  object,  in  our  cafe,  ferved  as  a fpeculum  to  reflect  that  colour  to  the 
eye.  For  a rough  and  coloured  object  may  ferve  for  a fpeculum  to  re- 
flect the  artificial  rain-bow  we  fpeak  of  ; fince,  in  darkned  rooms, 
a wall,  conveniently  fituated  within,  will  fo  reflect  the  colours  of  bo- 
dies external  to  the  room,  that  they  may  very  clearly  be  difcern’d  and 
diftinguifhed : and  yet  it  is  taken  for  granted,  that  the  colours  feen  in  a 
darkned  room,  tho’  they  leave  no  traces  upon  the  wall  or  body  that  re- 
ceives them,  are  the  true  colours  of  the  external  objects  ; together  with 
which  the  colours  of  the  images  are  moved,  or  reft.  And  the  error  lies 
not  in  the  eye,  whofe  office  is  only  to  perceive  the  appearance  of  things, 
and  truly  does  fo ; but  in  the  judgment  that,  by  miftake,  concludes  the 
colour  belongs  to  the  wall,  which  really  belongs  to  the  object ; becaufe 
the  wall  is  that  from  whence  the  rays  of  light  which  carry  the  vifible  fpe- 
cies,  come  in  ftrait  lines  directly  to  the  eye.  And  thus,  for  the  fame 
reafon,  we  fuppofe  at  a certain  diftance  from  concave  fpherical  glaffes, 


* We  muft  again  repeat,  that  Sir  Ifaac 
Newton  demonllrates,  all  the  colours  in  the 
nniverfe,  which  are  made  of  light,  and  de- 
pend not  on  the  power  of  imagination,  are 
either  the  colours  of  homogeneal  lights,  or 
compounded  of  them  in  a certain  propor- 
tion. “ For  the  changes  of  colour,  made 


“ by  refraction,  do  not  arife  from  any  new 
“ modification  of  the  rays  imprefied  by 
“ thofe  refractions ; and,  by  the  various 
“ terminations  of  light  and  fhadow  ; as  has 
“ been  the  conftant  and  general  opinion  of 
“ philofophers.”  Neivton . Optic,  p.  99,  & 
p.  138. 


that 
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that  we  fee  the  image  (land  out  to  meet  us,  and  hang  in  the  air  betwixt  Physics. 
the  glafs  and  us  \ becaufe  the  refle<5ted  rays,  that  compofe  the  image,  V/W 
crofs  one  another  in  that  place  where  the  image  appears  to  be  * **,  and  thence 
in  diredt  lines  take  their  courfe  to  the  eye.  I might  here  add  what  will 
more  fully  appear  hereafter,  that  colours,  called  emphatical,  becaufe  not 
inherent  in  the  bodies  where  they  appear,  may  be  compounded  with  one 
another,  as  thofe  that  are  confeflfedly  genuine. 


SECT.  II. 


I Come  now  to  inquire  into  the  nature  of  whitenefs  and  blacknefs.  The  nature  of 
Whitenefs,  confidered  as  a quality  in  the  obje£t,  feems,  in  the  general,  whitenefs . 
chiefly  to  depend  upon  the  roughnefs  of  the  furface  of  the  body,  call’d 
white ; which  gives  it  innumerable  fmall  fuperfities,  that  afting  like  fo 
many  little  fpecula  in  various  pofitions,  they  reflect  the  rays  of  light  that 
fall  on  them,  not  towards  one  another,  but  externally  towards  the  fpe&a- 
tor’s  eye.  The  fun,  and  other  very  lucid  bodies,  not  only  offend  or 
dazle  our  eyes ; but  if  any  colour  is  afcribed  to  them,  it  fhould  be  white- 
nefs : * for  the  fun  at  noon-day,  and  in  clear  weather,  when  his  face  is 

ferene. 


* White,  in  llridnefs,  we  have  already 
obferved  to  be  no  fimple  colour ; but  a com- 
pound of  all  colours  in  a due  proportion. 
“ When  the  feveral  forts  of  rays  are  mixed, 
fays  Sir  Ifaac  Newton , and,  in  croffmg, 
4<  pa fs  thro’  the  fame  fpace,  they  ad  not 
“ upon  one  another,  fo  as  to  change  their 
“ colour-making  qualities ; but,  by  mixing 
“ their  adions  in  the  fenforium,  beget  a 

**  fenfation,  differing  from  what  either 
“ would  do  a* part : that  is,  a fenfation  of 
“ a mean  colour  between  their  proper  co- 
" lours.  And  particularly,  when,  by  the 
“ concourfe  and  mixtures  of  all  forts  of 
“ rays,  a white  colour  is  produced;  the 
“ white  is  a mixture  of  the  colours  which 
“ the  rays  would  have  a-part : the  rays  in 
“ that  mixture  do  not  alter  their  feveral  eo- 
“ lour-making  qualities ; but,  by  all  their 
“ various  kinds  of  adions,  mixed  in  the 
“ fenforium,  beget  a fenfation  of  a mid- 
(<  dling  colour,  between  all  their  colours, 
“ which  is  whitenefs.  For  whitenefs  is  a 
“ mean  between  all  colours;  having  itfelf 
“ indifferently  to  them  all ; fo  as  with  equal 
“ facility  to  be  tinged  with  any  of  them. 
“ A red  powder  mixed  with  a little  blue, 
“ or  a blue  with  a little  red,  doth  not  pre- 
fently  lofe  its  colour ; but  a white  pow- 


“ der,  mixed  with  any  colour,  is  prefently 
“ tinged  with  that  colour,  and  is  equally 
t(  capable  of  being  tinged  with  any  colour 
“ whatever.”  See  Newton.  Optic,  p.  117, 
11B,  138,  13^. 

We  farther  learn  from  Sir  7/i a nc  Newton , 
that  as  a mixture  of  all  the  prifmatic  colours 
makes  perfed  white  light ; fo  if  foapy  wa- 
ter be  agitated  into  a froth,  various  colours 
will  appear  therein,  when  viewed  near ; 
and,  at  a diftance,  when  thofe  colours  can 
no  longer  be  diftinguilhed,  the  froth  will 
feem  perfedly  white.  But,  by  mixing  co- 
loured powders,  he  tells  us,  we  are  not  to 
exped  a ftrong  and  full  white,  but  fome 
dusky  obfcure  one ; becaufe  they  fupprefs 
and  flop  in  them  a very  confiderable  part  of 
the  light  by  which  they  are  illuminated. 
Thus  he  produced  a dark  white,  or  a dun 
colour,  by  mixing  one  part  of  red  lead  with 
live  parts  of  verdigreafe ; for  thefe  two  co- 
lours were  feverally  fb  compounded  of  0- 
thers,  that,  in  both  together,  there  was  a 
mixture  of  all  colours. 

Again,  one  part  of  red  lead,  and  four 
parts  of  blue  bife,  ‘compofed  a dun  co- 
lour, varying  a little  to  purple ; and,  by- 
adding  to  it  a certain  mixture  of  orpi- 
E 2 ment 
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Physics,  ferene,  and  his  rays  pafs  thro’  a much  lefs  part  of  the  atmofphere  to  our 

L/YV  eyes,  appears  of  a colour  more  approaching  to  white  than  when  he  is 
nearer  the  horizon  j in  which  cafe  the  interpolation  of  certain  fumes  and 
vapours  make  him  oftentimes  appear  either  red  or  yellow.  And  when  the 
fun  fhines  upon  fmooth  water,  that  part  of  it  which  appears  moft  illumined* 
feems  far  whiter  than  the  reft.  And  I have  fometimes  found,  that  when 
the  fun  was  veil’d  with  a thin  white  cloud,  tho’  ftill  too  bright  to  be 
look’d  upon  diredlly  ; that  by  calling  my  eyes  upon  ftill  water,  his  body, 
being  not  far  from  the  meridian,  appeared  to  me  exceedingly  white.  And 
tho’  we  vulgarly  fay,  in  Englifh , a thing  is  red-hot,  to  exprefs  a fuperlative 
degree  of  heat ; yet,  at  the  forges  and  furnaces  of  artificers,  by  a white 
heat  they  underftand  a further  degree  of  ignition,  than  by  a red  one. 

2.  Common  experience  informs  us,  that  as  too  much  light  over- 
powers the  eye  ; fo  when  the  ground  is  covered  with  fnow,  thofe 
who  have  a weak  fight,  complain  that  this  profpedt  is  offenfive  to 
them.  And  even  thofe  who  have  good  eyes,  are  from  hence  generally 
fenfible  of  an  extraordinary  light  in  the  air  ; and,  if  obliged  to  look 
very  long  upon  the  fnow,  find  their  fight  injured  by  it.  Thus  Xenophon 
relates,  that  Cyrus  marching  his  army,  for  many  days,  over  mountains 
covered  with  fnow,  the  dazling  fplendor  of  its  whitenefs  preju- 
diced the  fight  of  a great  number  of  his  foldiers,  and  blinded  fome  of 
them  ; and  other  accounts  of  the  fame  nature  may  be  met  with  in 
writers  of  good  note.  The  like  has  alfo  been  affirmed  to  me  by  credible 
perfons  of  my  own  acquaintance,  and  efpecially  by  one,  who,  during 

ment  and  verdigreafe,  in  due  propor- 
tion, it  loft  its  purple  tin&ure,  and 
became  perfectly  dun.  But  the  experi- 
ment fucceeded  beft  without  red  lead, 
thus:  “To  orpiment,  fays  Sir  Ifaac,  I 
added,  by  little  and  little,  a certain 
“ full  bright  purple,  which  painters 
ufe,  till,  the  orpiment  ceafed  to  be 
“ yellow,  and  became  of  a pale  red: 

“ then  I diluted  that  red,  by  adding  a 
“ little  verdigreafe  and  a little  more  blue 
**  bife  than  verdigreafe,  till  it  became 
“ of  fuch  a grey  or  pale  white,  as  va- 
“ ried  to  no  one  of  the  colours  more  than 
“ to  another.  For  thus  it  became  of  a 
“ colour  equal  in  whitenefs  to  that  of 
“ allies,  or  of  wood  newly  cut,  or  of  a 
“ man’s  skin.  The  orpiment  reflected 
“ more  light  than  did  any  other  of  the 
“ powders  ; and  therefore  conduced  more 
“ to  the  whitenefs  of  the  compounded 
“ colour  than  they.  To  affign  the  pro- 
“ portions  accurately,  may  be  difficult, 

“ by  reafon  of  the  different  goodnefs  of 
“ powders  of  the  fame  kind,  As  the  co- 


u lour  of  any  powder  is  more  or  lefs  full 
“ and  luminous,  it  ought  to  be  ufed  in  a 
“ lefs  or  greater  proportion.  Now  con- 
“ fidering  that  thefe  grey  and  dun  co- 
“ lours  may  be  alfo  produced,  by  mixing, 
“ whites  and  blacks';  and,  by  confe- 
“ quence,  differ  from  perfeft  whites,  not 
“ in  fpecie3  of  colours,  but  only  in  de- 
“ gree  of  luminoufnefs ; it  is  manifeft 
“ that  there  is  nothing  more  requifite  to 
“ make  them  perfectly  white,  than  to 
“ increafe  their  light  fuffiriently;  and,. 
te  on  the  contrary,  if  by  incfeafing  their 
“ light,  they  can  be  brought  to  perftft 
“ whitenefs;  it  will  thence  alfo  follow, 
“ that  they  are  of  the  fame  fpecies  of 
“ colour*  with  the  beft  whites ; and  differ 
“ from  them  only  in  the  quantity  of 
“ light.”  And  accordingly,  by  placing 
fome  powder,  compofed  of  orpiment,  pur- 
ple, bile,  and  verdigreafe,  in  the  fun’s 
rays ; and,  viewing  it  at  a diftance,  it 
appeared  intenfely  white.  Newton.  Optic . 
p.  129  — 1 34. 
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his  flay  hr  Mufc&v%  found  his  eyes  much  impaired*  by  being  frequently  Ph  ysics. 
obliged  to  travel  in  the  fnow:  and  this  weakness  of  fight  did  not 
leave  him  when  he  left  that  country,  but  ft  ill  continues,  tho*  he  be  a young 
mam  I myfelf  alfo,  as  well  as  others,  have  obferved,  that  upon  travel- 
ling by  night,  when  the  ground  was  all  covered  with  fnow,  tho5  it  would 
otherwife  have  been  dark,  yet  we’ could  very' well  fee  to  chufe  our  Way  . 

But  much  more  to  my  prefent  purpofe  is  that  account  given  us  by  Olaus 
Magnus  of  a way  of  travelling  in  the  Northern 'regions  during  the  winter, 
where  the  days  of  that  feafon  are  very  ffiort.  “ In  the  day-time,  fays  he, 

“ they  travel  twelve  Italian  miles,  but  twice  or  thrice  asfar  in  the  night, 

“ and  that  with  eafe  ; for  the  light  of  the  moon,  reflected  by  the  fnow, 

“ renders  both  hills  and  vales  confpicuous  ;>  ft>  that-  then  they  can  fee  not 
<c  only  precipices  afar  off,  but  the  wild  beafts  they  would  avoid.5* 

Thisteftimony  I the  lefs  fcruple  to  alledge,  becaufe  it*  agrees  very  well 
with  what  has  been  affirmed  to  me  by  a phyfician  of  Mofcow  y who  in- 
formed me,  thathe  could  fee  things  at  & far  greater  diftance,  and  with 
more  clearnefs,  when  he  travelled  by  night  on  the  fnow  there,  tho5  with- 
out the  affiftance  of  the  moon-fhine,  than  we,  in  thefe  parts,  would  ea- 
fily  believe.  *Tis  true,  indeed,  the  in tenfenefs  of  the  cold  might?  contri- 
bute fomething  to  the  confiderablenefs  of  the  effeX,  by  clearing  the  air 
of  dark  fleams,  which,  in  thefe  more  temperate  climates,  are  ufually 
thick,  in  fnowy  weather : for  this  phyfician,  and  the  ingenious  navigator 
Captain  James  agree,  that  in  dark  frofty  nights,  in  frozen  climates,  they 
could  difcover  more  ftars,  and  have  a clearer  prof£>eX  of  the  heavens; 
than  we  in  England.  I know,  indeed,  many  learned  men  fuppofe  fnow 
thusftrongly  aflfeXs  our  eyes,  not  by  a borrowed,  but  a native  light.  I 
venture,  however,  to  give  it  as  a proof,  that'  white  bodies  refleX  more 
light  than  others,  becaufe  having  once  placed  a parcel  of  fhow  in  a room, 
carefully  darkened,  that  no  celeftial  light  might  fall  upon  it,  neither  I* 
nor  an  ingenious  perfon  skilled  in  optics*  could  find  it  had  any  light  be- 
fides  what  it  received  ; and  5tis  ufual,  among  fuch  as  travel  in  dark  nights, 
to  make  their  guides  wear  fomething  of  white  to  be  difcern’d  by  •,  for  there 
is  fcarce  any  night  fo  dark,  but  that,  in  the  free  air,  fome  light  remains, 
tho5  broken  and  debilitated,  perhaps,  by  a thoufand  reflexions  from  the 
apake  corpufcles,  that  fwim  in  the  atmofphere,  and  fend  it  to  one  another 
before  it  arrives  a*  the  eye. 

3.  And  the  better  to  ffiew  that  white  bodies  refleX  much  more  light 
than  others,  1 held  in  the  darkened  room,  formerly  mentioned,  not  far 
from  the  hole  at  which  the  light  entered,  a ffieet  of  white  paper;  from 
whence  calling  the  fun-beams  upon  a white  wall,  it  manifeftly  appeared 
both  to  me,  and  to  a perfon  I took  to  be  witnefs  of  the  experiment,  to  re- 
fleX  a far  greater  light  than  any  of  the  other  colours ; for  the  wall  itfelf 
was  not  only  thus  notably  enlightened,  but  alfo  a confiderable  part  of  the 
room.  And,  further,  to  ffiew  that  white  bodies  refleX  the  rays  outwards, 
let  me  add,  that  ordinary  burning-glaffes  will  not,  in  a great  while,  bum 
or  difcolour  whitepaper;  fo  that  when  I was  a boy,  and  delighted  to 
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Physics,  make  trials  with  fuch  glafies,  I could  not  but  wonder  at  this  odd  phenome- 
non,  which  fet  me  very  early  upon  gueffing  at  the  nature  of  whitenefs; 
and  the  more,  becaufe  I took  notice  that  the  image  of  the  fun,  upon  white 
paper,  was  not  fo  well  defined  as  upon  black ; and  becaufe  that,  upon 
inking  over  the  paper,  the  moifture  would  be  quickly  dried  up,  and  the 
paper,  that  I could  not  burn  before,  would  now  prefently  take  fire.  I have 
alfo  try’d,  that  by  expofing  my  hand,  with  a thin  black  glove  on  it,  to 
the  warm  fun,  it  would  thereby  very  fuddenly  be  more  confiderably  heat- 
ed, than  if  I took  off  the  glove,  and  held  my  naked  hand  to  its  rays,  or 
put  on  another  glove  of  thin  white  leather. 

4.  And  to  (hew  that  white  bodies  are  apt,  like  fpecula,  to  refled  the 
light  that  falls  on  them,  we  have  found,  in  a darken’d  room,  that  the 
fun-beams  being  caft  from  a coloured  body  upon  a white  wall,  the  deter- 
minate colour  of  the  body  was  from  the  wall  reflected  to  the  eye  •,  whilft 
we  could,  in  many  cafes,  manifeftly  alter  the  colour  arriving  at  the  eye, 
by  fubftituting,  at  a convenient  diftance,  a colour’d  glofiy  body  inftead  of 
the  white  wall ; thus  by  throwing  the  rays  from  a yellow  body  upon  a 
blue,  there  would  be  exhibited  a kind  of  green.  I might  alfo  here  take 
notice,  that  when  looking  upon  the  calm  and  fmooth  furface  of  a river, 
lying  betwixt  my  eye  and  the  fun,  it  appeared  to  be  a natural  fpeculum, 
wherein  that  part,  which  reflected  to  my  eye  the  entire  and  defined  image 
of  the  fun  and  rays  adjacent  thereto,  appeared  of  a great  whitifh  bright- 
nefs,  but  the  reft  comparatively  dark  ; when,  if  afterwards  the  fuperfi- 
cies  chanced  to  be  a little  ruffled  by  a gentle  breath  of  wind,  and  thereby 
reduced  into  a multitude  of  fmall,  fmooth  fpecula,  the  furface  of  the  ri- 
ver would,  at  a diftance,  appear  almoft  white  ; tho’  it  loft  that  appearance 
upon  a return  of  the  furface  to  a calm  and  uniform  level.  And  I have 
fometimes,  as  an  experiment,  brought  in  a lenticular  glafs,  the  image 
of  a river  illumined  by  the  fun,  into  a darkened  room,  at  about  the  di- 
ftance of  a quarter  of  a mile  ; by  which  means  the  numerous  declining 
furfaces  of  the  water  were  fo  contracted,  that,  upon  the'  body  which 
received  the  image,  the  whole  river  appeared  a very  white  objeCt  at  two 
or  three  paces  diftance.  But  if  we  drew  near  it,  this  whitenefs  feemed 
to  proceed  from  innumerable  lucid  reflections,  made  by  the  fuperficies  of 
the  water  gently  waved,  which  looked,  when  clofely  viewed,  like  a mul- 
titude of  very  little  ftiining  fcales  of  fifli ; many  whereof  every  moment 
difappeared,  while  as  many  were  by  the  fun,  wind,  and  river,  genera- 
ted anew.  But  tho’  this  obfervation  feemed  fufficiently  to  difcover  how 
the  apparent  whitenefs,  in  that  cafe,  was  produced  •,  yet  in  fome  other 
cafes,  water  may  have  the  fame,  tho’  not  fo  vivid  a colour,  upon  other  ac- 
counts •,  for  it  often  happens  that  the  fmooth  furface  of  the  water  ap- 
pears bright  or  whitifii,  by  reafon  of  the  reflection,  not  immediately  of 
the  image  of  the  fun,  but  of  the  brightnefs  of  the  sky  ; and  in  fuch  cafes 
a convenient  wind  may,  where  it  pafles  along,  make  the  furface  look 
black,  by  caufing  many  fuch  furrows  and  cavities,  as  make  the  infleCted 
fuperficies  of  the  water  refleCt  the  brightnefs  of  the  sky,  rather  internal- 
ly 
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ly  than  externally.  And  again,  if  the  wind  increafe  into  a ftorm,  the  wa-  Physics. 
ter  may  appear  white,  efpecially  near  the  fhore,  becaufe  the  rudeagita- 
tion  breaks  it  into  foam  or  froth ; fo  much  do  whitenefs  and  blacknefs  de- 
pend upon  the  difpofition  of  the  fuperficial  parts  of  a body,  to  refled  the 
rays  of  light  inward  or  outward.  But  that  as  white  bodies  refled  the  molt 
light  of  any  ; fo  their  fuperficial  particles  are  of  a fpecular  nature,  I fhall 
further  endeavour  to  fhew,  by  making  fpecular  bodies  white,  and  a white 
body  fpecular. 

5.  Upon  diflilling  quickfilver  in  a cucurbit,  fitted  with  a capacious 
glafs-head,  I have  obferved,  that  when  the  operation  was  performed  by 
proper  degrees  of  fire,  there  would  flick  to  the  infide  of  the  alembic  a 
multitude  of  little  round  drops  of  mercury.  And  as  mercury  is  a fpe- 
cular body,  each  of  thefe  little  drops  was  a fmall  fpherical  looking*  glafs ; 
and  a number  of  them  lying  near  one  another,  made  the  glafs  they  were 
faftened  to,  manifeftly  appear  a white  body.  And  as  many  parts  of  the 
sky,  efpecially  the  milky  way,  appear  white  to  the  naked  eye  •,  yet  the 
galaxy,  viewed  thro’  a telefcope,  does  not  appear  white,  but  to  be  made 
up  of  a vaft  multitude  of  little  ftars ; fo,  many  lucid  bodies,  if  too  fmall 
to  be  fingly  difcerned  by  the  eye,  and  fet  fufficiently  thick  by  one  another, 
may,  by  their  united  rays,  appear  to  the  eye  as  one  white  body  : and  why 
may  not  the  like  happen,  when  a multitude  of  bright,  little  corpufcles,- 
crowded  together,  are  made  jointly  to  reflect  vivid  rays  to  the  eye,  tho* 
they  (hine  by  a borrowed  light? 

But  to  return  to  our  experiments ; we  may  take  notice,  that  the  white 
of  an  egg,  which  tho’  in  part  tranfparent,  yet,  by  its  power  of  reflecting 
fome  incident  rays  of  light,  is,  in  fome  meafure,  a natural  fpeculum,  being 
long  agitated  with  a whisk  or  fpoon  lofes  its  tranfparency,  and  becomes  a 
very  white  froth  ; that  is,  an  aggregate  of  numerous  fmall  bubbles, 
whofe  convex  fuperficies  fit  them  to  refledt  the  light  every  way  outwards.* 

And  *tis  worth  obferving  that  when  water,  for  inftance,  is  agitated  into 
froth,  if  the  bubbles  be  great  and  few,  the  whitenefs  will  be  but  faint, 
becaufe  the  number  of  fpecula  within  a narrow  compafs  is  but  fmall  ; 
and  they  are  not  thick  enough  fet  to  refleCl  fo  many  little  images  or  rays 
of  the  lucid  body,  as  go  to  produce  a vigorous  fenfation  of  whitenefs; 

And  left  it  fhould  be  faid,  that  the  whitenefs  of  fuch  globular  particles 
proceeds  from  the  air  included  in  the  froth,  (tho’  who  can  prove  that  the 
air  itfelf  is  white  ?)  and  at  the  fame  time  to  illuftrate  our  doCtrine  of 
whitenefs,  I .fhall  add  this  experiment.  I put  to  fome  fair  water, 
contained  in  a glafs  vial , a convenient  quantity  of  fpirit  of  turpen- 
tine, which  will  not  incorporate  with  water,  yet  is  almoft  as  clear  and 
colourlefs  as  that  •,  and  thefe  being  well  fhaken  together,  I found  the  agita- 
tion broke  the  oil  into  a multitude  of  little  globes,  which  each  of  them 
reflecting  outwards  a lucid  image,  made  the  imperfeCt  mixture  of  the 
two  liquors,  appear  whitifh  ; but  if  by  vehemently  fhaking  the  glafs  for 
a competent  time,  a further  comminution  of  the  oil  be  made  into  far  more 
numerous  and  lmaller  globules,  vvhilft  it  is  alfo  thereby  more  thoroughly 

confounded 
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Physics,  confounded  with  the  water,  the  mixture  will  appear  of  a much  greater 
whitenefs,  and  aimoft  like  milk  ; tho*  if  the  glafs  be  let  alone  a while,  the 
colour  will  gradually  fade  as  the  oily  globules  grow  fewer  and  larger, 
and  at  length  quite  vanifh  ; leaving  both  the  liquors  diftinrt  and  diapha- 
nous as  before.  And  fuch  a trial  hath  fucceeded,  when  inftead  of  oil,  or 
ipirit  of  turpentine,  I took  a yellow  mixture,  made  with  a large  propor- 
tion of  crude  turpentine,  diflfolved  in  that  liquor  ; and  it  alfo  fucceeded 
better  than  one  would  expert,  when  I employ’d  an  oil  brought  to  a deep 
green,  by  infufing  copper  filings  therein.  Thus  aromatics,  diftilled  with 
water,  often  yield  a white  liquor,  which  may  long  continue  of  that  co- 
lour •,  becaufe  if  the  fire  be  made  too  ftrong,  the  fubtile  oil  is  thereby 
much  agitated,  broken,  and  blended  with  the  water,  in  fuch  numerous 
and  minute  globules,  as  cannot  eafily,  in  a fhort  time,  emerge  to  the  top 
of  the  water,  and,  whilft  they  remain  therein,  make  it  look  whitifh. 
And  hence,  perhaps,  it  is,  that  we  find  hot  water  ufually  more  opake  and 
whitifh  than  the  fame  when  cold;  the  agitation  turning  the  more  volatile 
particles  of  the  water  into  vapours,  and  thereby  producing,  in  the  body 
ol  the  liquor,  a multitude  of  fmall  bubbles,  which  interrupt  the  free 
paffage  of  the  rays  of  light,  and  from  the  innermoft  parts  of  the  wa- 
ter, reflert  many  of  them  outwards.  Thefe,  and  the  like  examples,  have 
induced  me  to  fufpert,  that  the  fuperficial  particles  of  white  bodies,  may, 
for  the  moft  part,  be  as  well  convex  as  fmooth  ; tho*  it  feems  not  eafy  to 
prove,  that  when  diaphanous  bodies  are  reduced  into  white  powders,  each 
corpufcle  muft  needs  be  of  a convex  fuperficies  ; and,  perhaps,  it  may  here 
fuffice  that  the  fpecular  furfaces  look  feveral  ways.  We  have  feen  that 
when  a diaphanous  body  is  reduced  to  very  minute  parts,  it  thereby  ac- 
quires a multitude  of  little  furfaces  within  a narrow  compafs ; and  tho* 
each  of  thofe  fhould  not  be  of  a convenient  figure  to  reflert  a round  image 
of  the  fun,  they  may  reflert  fome  phyfical  line  of  light,  wherein  fome 
refrartion  of  that  which  falls  upon  the  body,  whereon  it  depends,  may 
often  contribute  to  its  whitenefs.  Thus  if  a (lender  wire,  or  folid  cylinder 
of  glafs,  be  expofed  to  luminous  rays,  you  (hall  fee,  in  fome  part  there- 
of, a vivid  line  of  light ; and  if  we  were  able  to  draw  out  and  lay  toge- 
ther a multitude  of  thefe  little  wires  or  threads  of  glafs,  fo  {lender,  that 
the  eye  could  not  difcern  a diftance  between  the  luminous  lines,  there  is  no 
doubt,  as  far  as  I can  guefs  by  a trial  of  this  kind  purpofely  made,  that 
the  whole  phyfical  fuperficies,  compofed  of  them,  would  appear  white  to 
the  eye:  and  if  fo,  it  is  not  always  neceflary  that  the  figure  of  thofe  cor- 
pufcles,  that  make  a body  appear  white,  fhould  be  fpherical:  and  fnow 
itfelf  commonly  appears  both  to  the  naked  eye,  and  when  viewed  thro*  a 
microfcope,  to  confifl:  principally  of  little  (lender  icicles  of  feveralfhapes, 
which  afford  fuch  numerous  lines  of  light  as  we  fpeak  of. 

6.  If  you  take  a diaphanous  body,  as,  for  inftance,  a piece  of  glafs, 
and  reduce  it  to  powder,  the  fame  body  which,  when  entire,  freely  tranf- 
mitted  the  rays  of  light,  acquiring,  by  contufion,  a multitude  of  minute 
furfaces,  each  of  which  is,  as  it  were,  a little  fpeculum,  becomes  there- 
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by  qualified  to  reflect,  in  a confufed  manner,  fo  many  rays,  or  little  and  Physics. 
fingly  unobfervable  images  of  the  lucid  body,  that  from  a diaphanous,  it 
degenerates  into  a white  fubftance.  And  heating  lumps  of  cryftal  red- 
hot,  in  a crucible,  I have  found,  that,  upon  quenching  ’em  in  fair 
water,  even  thofe  which  remained  feemingly  entire,  exchanged  their  tranf- 
parency  for  whitenefs ; the  ignition  and  extinction  having  cracked  each 
lump  into  a multitude  of  minute  bodies,  and  thereby  given  it  a multitude 
of  new  furfaces.  And  even  with  coloured  diaphanous  bodies,  there  may, 
by  this  way,  be  a great  degree  of  whitenefs  produced.  I have,  by  con- 
tufion,  obtained  whitifh  powders  from  granats,  glafs  of  antimony,  and 
emeralds ; but  the  experiment  is  more  eafily  made,  by  comparing  deep 
blue  pulverized  vitriol  of  copper,  with  fome  of  the  entire  cryflals  of  the 
fame,  for  this  will,  comparatively,  exhibit  a confiderable  degree  of  white- 
nefs. 

7.  And  as  by  a change  of  pofition  in  the  parts  of  differently  coloured 
bodies,  they  may  be  rendered  white  ; fo  by  a flight  change,  in  the  texture 
of  its  furface,  a white  body  may  be  deprived  of  that  property.  A piece 
of  filver  newly  boiled,  with  fait  and  tartar,  after  the  goldfmith’s  fafhion, 
is  of  a lovely  white  ; but  if,  with  a piece  of  fmooth  ft  eel,  a part  of  it  be 
burnifli’d,  that  part  prefently  lofes  its  whitenefs,  and  turns  to  a fpeculum, 
almoft  every  where  dark,  like  other  mirrors ; which  adds  a great  confir- 
mation to  our  dodrine.  For  hence  we  fee  what  it  chiefly  is  that  made 
the  body  white  before ; fince  all  that  was  done  to  deprive  it  of  that  white- 
nefs, was  only  to  deprefs  the  little  irregular  protuberancies,  that  flood 
out  on  the  furface  of  the  filver,  into  one  continued  regular  plain. 

8.  What  we  have  faid  of  whitenefs  may  aflift  us  to  form  a notion  ^ denature 
blacknefs  ; thofe  two  qualities  being  fufficiently  oppofite  to  iiiuftrate  each blacknefs* 
other.  And  as  that  which  makes  a body  white,  is  chiefly  fuch  a difpofition 

of  its  parts,  as  difpofes  it  to  refled  more  of  the  light  that  falls  on  it,  than 
bodies  of  different  colours ; fo  that  which  renders  a body  black,  is  princi- 
pally a peculiar  kind  of  texture  of  its  fuperficial  particles ; whereby  it 
clamps  the  light  that  falls  on  it,  fo  that  very  little  is  refleded  to  the  eye. 

9.  This  texture  is  explicable  two  feveral  ways ; and  firft,  by  fuppofing, 
in  the  fuperficies  of  the  black  body,  a particular  kind  of  afperity ; whence 
the  fuperficial  particles  refled  few  of  the  incident  rays  outwards,  and  the 
reft  inwards,  upon  the  body  itfelf:  as  if,  for  inftance,  the  furface  of  a 
black  body  fhould  rife  up  in  numberlefs  little  cylinders,  pyramids,  cones, 

&c.  which,  by  being  thick  fet  and  ered,  throw  the  rays  of  light  from  one 
to  another  inwards,  fo  often,  that,  at  length,  they  are  loft  before  they  can 
come  out  again  to  the  eye.  The  other  way  fuppofes  the  textures  of  black 
bodies  either  to  yield  to  the  rays  of  light,  or,  upon  fome  other  account, 
to  ftifle  and  keep  them  from  being  refleded  in  any  number,  or  with  any 
confiderable  vigour  outwards.  According  to  this  notion  it  may  be  faid, 
that  the  corpufcles,  which  compofe  the  rays  of  light,  thruftingone  another 
from  the  lucid  body,  and  falling  on  black  fubftances,  meet  with  fuch  a 
texture,  that  they  receive  into  themfelves,  and  retain  almoft  all  the 
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motion  communicated  to  them  by  thofe  corpufcles,  and  confequently  re- 
fled  but  few  of  them,  or  thofe  but  languidly,  towards  the  eye  j as  when 
a ball,  thrown  againfl:  a floor,  rebounds  a great  way  upwards,  but  very 
little  or  not  at  all  when  thrown  againfl;  mud  or  water  ; becaufe  the  parts 
yield,  and  receive  into  themfelves  the  motion  which  fhould  refled  the  ball 
back.  But  this  lad  manner  of  accounting  for  blacknefs  I barely  propofe* 
without  either  adopting,  or  abfolutely  rejeding  it  ; for  the  hardnefs  of 
touchflones,  black  marble,  and  of  other  bodies  that  are  black,  and  folid, 
deems  to  render  it  fomewhat  improbable  that  they  fhould  be  of  fo  yielding 
a nature  ; unlefs  we  fay  that  fome  bodies  may  be  more  difpofed  to  yield  to 
the  impulfes  of  the  corpufcles  of  light,  by  reafon  of  a peculiar  texture, 
than  others,  which,  by  particular  trials,  appear  to  be  fofter  than  they. 
Both  the  folutions,  however,  agree  in  this,  that  black  bodies  refled  but 
little  of  the  light  which  falls  on  them.  And  it  is  not  impoflible  that,  in 
fome  cafes,  both  the  difpofltion  of  the  fuperficial  particles  as  to  figure  and 
pofition,  and  the  yielding  of  the  body,  or  fome  of  its  parts,  may  jointly 
contribute  to  render  a body  black.  The  confiderations  which  induced  me 
to  propofe  this  notion  of  blacknefs,  are  principally  thefe: 

(i.)  Whitenefs  and  blacknefs  being  generally  reputed  contrary  quali- 
ties, whitenefs  depending,  as  I faid,  upon  the  difpofition  of  the  parts  of 
the  body,  to  refled  light  plentifully,  it  feem’d  probable,  that  blacknefs 
might  depend  upon  a contrary  difpofition  of  furface  ^ but  upon  this  I fhall 
not  infift.  However,  if  a body,  of  an  uniform  colour,  be  placed,  part 
in  the  fun-beams,  and  part  in  the  lhade,  that  part,  which  is  not  illumined, 
will  appear  nearer  allied  to  blacknefs  than  the  other,  from  which  more 
light  is  refleded  to  the  eye  \ dark  colours  alfofeem  the  blacker,  the  lefs 
is  the  light  they  are  viewed  in : and  all  things  feem  black  in  the  dark, 
when  they  yield  no  rays  to  make  impreflions  upon  our  organs  of  fight ; fo 
that  fhadow  and  darknefs  are  near  a-kin:  and  fhadow,  we  know,  is  but  a 
privation  of  light ; blacknefs,  accordingly,  feems  to  proceed  from  the 
want  of  rays  refleded  from  the  black  body  to  the  eye  ; tho’  the  bodies  we 
call  black,  as  marble,  jet,  &c.  are  not  perfedly  fo,  for  if  they  were,  we 
fhould  not  fee  them  at  all.  But  notwithftanding  the  rays  which  fall  on 
the  Tides  of  thofe  ered  particles  we  mentioned,  do  few  of  them  return 
outwards  ; yet  fuch  as  fall  upon  the  points  of  thofe  cylinders,  cones,  or 
pyramids,  may  be  thence  refleded  to  the  eye,  tho*  they  make  but  a faint 
imprefllon  there  ; becaufe  they  are  mixed  with  a great  proportion  of  little 
fhades.  Thus,  having  procured  a large  piece  of  black  marble  to  be  well 
poiifhed,  and  brought  to  the  form  of  a large  fpherical  concave  fpecuium, 
the  infide  thereof  was  a kind  of  dark  looking-glafs,  wherein  I could 
plainly  fee  a little  image  of  the  fun,  when  it  fhone  thereon.  But  this 
image  was  very  far  from  offending  or  dazling  my  eyes,  as  it  would  have 
done  from  another  fpecuium  ; and  tho*  this  were  large,  I could  not,  in  a 
long  time,  fet  a piece  of  wood  on  fire  with  it ; tho*  a far  lefs  fpecuium 
of  the  fame  form,  and  of  a more  refleding  material,  would  prefently 
have  made  it  flame.  And  having  expofed  to  the  fun  a pretty  large  mortar 
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of  white  marble,  polifh’d  on  the  infide,  we  found  that  it  reflected  a great  Physics,- 
quantity  of  glaring  light,  but  fo  fcatter’d,  that  we  could  not  make  the  re- 
fleded  rays  meet  in  any  fuch  confpicuous  focus  as  that  we  obferv’d  in  . the 
black  marble;  tho*  by  holding  a candle,  in  the  night-time,  ataconver 
nient  diftance,  we  were  able  to  procure  a concourfe  of  a few  refleded  rays 
at  about  two  inches  diftance  from  the  bottom  of  the  mortar.  But  we  found 
the  heat  of  the  fun-beams  fo  difperfedly  refleded,  to  be  very  languid,  even 
compared  to  the  focus  of  the  black  marble : and  the  little  picture  of  the 
fun  that  appear’d  upon  the  white  marble  as  a fpeculum,  was  very  faint, 
and  exceedingly  ill  defined. 

(2.)  Taking  two  pieces,  the  one  of  black,  and  the. other  of  white  mar- 
ble, whofe  furfaces  were  plain  and  polifh’d  ; and  calling  on  them  fuccef- 
fively  the  rays  of  the  fame  candle,  in  fuch  a manner  that  the  adjacent  fu- 
perficies  being  (haded  by  an  opake  and  perforated  body,  the  incident  rays 
pafs’d  thro’  a round  hole  of  about  half  an  inch  in  diameter,  the  circle  of 
light  that  appear’d  on  the  white  marble  was,  in  comparifon,  very  bright, 
but  very  ill  defined  *,  whilft  that  on  the  black  marble  was  far  lefs  luminous, 
but  much  better  defined. 

(3.)  When  we  look  upon  a piece  of  linen  that  has  fmall  holes  in  it,  they 
appear  very  black  ; fo  that  men  are  often  deceiv’d  in  taking  holes  for 
fpots  of  ink  : and  painters,  to  reprefent  holes,  make  ufe  of  black  *,  the 
reafon  whereof  feems  to  be,  that  the  rays  which  fall  on  thofe  holes,  pene- 
trate fo  deep,  that  none  are  reflected  back  to  the  eye.  And  in  a narrow 
well,  part  of  the  mouth  feems  black,  becaufe  the  incident  rays  are  refleded 
downwards,  from  one  fide  to  another,  till  they  can  no  longer  rebound  to 
the  eye.  We  may  confider  too,  that  if  different  parts  of  the  fame  piece 
of  black  velvet  be  ftroak’d  oppofite  ways,  there  will  appear  two  diftind 
kinds  of  blacknefs,  the  one  far  darker  than  the  other ; probably  becaufe 
in  the  lefs  obfcure  part  of  the  velvet,  the  little  filken  piles,  whereof  ’tis 
compos’d,  being  inclined,  there  is  a greater  part  of  each  of  them  turn’d 
to  the  eye ; whilft  in  the  other  part  the  piles  of  filk .being  more  ered,  there 
are  by  far  fewer  rays  fent  outwards  from  the  l'ateral  parts  of  each  pile  : fo 
that  moft  of  thofe  reflected  to  the  eye,  come  from  the  tops  of  the  piles, 
which  make  but  a fmall  part  of  the  whole  fuperficies  of  the  velvet.  This 
explanation  I propofe,  not  that  I think  the  blacknefs  of  the  velvet  pro- 
ceeds from  the  caufe  affign’d  •,  fince  each  fingle  pile  of  filk  is  black  by  rea- 
fon of  its  texture,  in  what  pofition  foever  it  be  view’d  *,  but  becaufe  the 
greater  blacknefs  of  a fingle  tuft  feems  to  proceed  from  the  greater  defed 
of  rays  reflected  thence,  and  from  the  want  of  thofe  parts  of  a furface 
that  refled  rays,  and  the  multitude  of  thofe  (haded  parts  that  refled  none. 

And  1 have  often  obferv’d,  that  the  pofition  of  particular  bodies,  far 
greater  than  piles  of  filk,  may,  notwithftanding  each  of  them  hath  a co- 
lour of  its  own,  make  one  part  of  their  aggregate  appear  far  darker  than 
another.  Thus  a heap  of  carrots  appear  of  a much  darker  colour  when 
view’d  with  their  points,  than  with  their  fides  obverted  to  the  eye. 
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(4.)  I have  obferv’d  in  a darken’d  room,  that  if  the  fun-beams  which 
came  in  at  the  hole  were  receiv’d  upon  white,  or  any  other  colour,  and 
directed  to  a convenient  part  of  the  room,  they  would  manifeftly  increafe 
the  light  of  that  part ; but  if  we  fubftituted  either  a piece  of  black  cloth 
or  black  velvet,  it  would  fo  damp  the  incident  rays,  that  the  faid  place 
would  be  lefs  illumin’d  than  before,  when  it  receiv’d  its  light  only  from  the 
weak  and  oblique  reflections  of  the  floor  and  walls  of  a pretty  large  room  ; 
over  which  the  beams  that  came  in  at  the  hole,  were  confufedly  and  in  a 
broken  manner  difpers’d. 

(5.)  And  to  Ihew  that  the  rays  which  fall  on  black  bodies,  as  they  do 
not  rebound  outwards  to  the  eye,  fo  they  are  reflected  towards  the  body 
itfelf,  as  the  nature  of  thofe  ereCt  particles  to  which  we  have  imputed 
blacknefs  requires ; we  fhall  add  an  experiment,  that  will  at  the  fame 
time  confirm  our  doCtrine  of  whitenefs.  We  took,  then,  a broad  and  large 
tile,  and  having  whited  over  one  half  of  its  fuperficies,  and  black’d  the 
other,  we  expos’d  it  to  the  fummer  fun.  And  having  let  it  lie  there  a con- 
venient time,  we  found  that  whilft  the  whited  part  of  the  tile  remain’d 
cool,  the  black’d  part  of  it  was  grown  very  hot.  And  for  further  fatis- 
faCtion,  we  have  fometimes  left  upon  the  furface  of  the  tile  a part  that 
retain’d  its  native  red  ; and  expofing  all  to  the  fun,  we  obferv’d  the  latter 
to  have  contracted  a heat  in  comparifon  of  the  white  part,  but  inferior  to 
that  of  the  black.  ’Tis  alfo  remarkable,  that  rooms  hung  with  black 
are  not  only  darker  than  they  would  be  otherwife,  but  warmer  too.  I have 
known  a great  lady,  of  a tender  conftitution,  complain  that  (he  com- 
monly took  cold  upon  going  into  the  air,  after  having  made  any  long  vi- 
fit  to  perfons  whofe  rooms  were  hung  with  black.  And  this  is  not  the 
only  lady  I have  heard  complain  of  the  warmth  of  fuch  rooms  which, 
tho’  perhaps  it  may  partly  be  imputed  to  the  effluvia  of  thofe  materials 
wherewith  the  hangings  were  dyed,  yet  probably  the  warmth  in  this  cafe 
depends  chiefly  upon  the  fame  caufe  with  darknefs  •,  for  upon  expofing  two 
pieces  of  filk,  the  one  white,  the  other  black,  in  the  fame  window  to  the 
iun,  I have  often  found  the  former  confiderably  heated,  when  the  latter  has 
remain’d  cool. 

(6.)  A virtuofo  of  unfufpeCted  credit  acquainted  me,  that  in  a hot  cli- 
mate he  had,  by  carefully  blacking  the  fhells  of  eggs,  and  expofing  them 
to  the  fun,  feen  them  thereby  well  roafted,  in  no  long  time.  But  in  Eng- 
land^ the  fun’s  rays  feem  not  to  be  fufficiently  flrong  to  produce  fuch  an 
effeCt ; for  having  expos’d  eggs  in  the  fummer  feafon  thereto,  they  acqui- 
red indeed  a confiderable  degree  of  heat,  but  not  enough  to  roaft  them. 

(7.)  Laftly,  our  conjectures  about  the  nature  of  blacknefs,  may  be 
fomewhat  confirmed  by  the  obfervation  of  the  blind  man,  formerly  men- 
tion’d, who  difcerns  colours  with  his  fingers  *,  for  he  fays,  that  he  feels  a 
greater  roughnefs  upon  the  furfaces  of  black  bodies,  than  upon  thofe  of 
red,  yellow,  or  green.  And  Bartholine  tells  us,  that  a blind  earl  of  Mansfield 
could  diftinguiffi  white  from  black  only  by  the  touch  ; which  might  fuffi- 
ciently argue  a great  difference  in  the  afperities,  or  fuperficial  textures 
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of  the  bodies  of  thofe  two  colours;  if  the  learned  relator  had  affirm’d  Physics. 
the  matter  upon  his  own  knowledge.  Let  us  next  take  in  the  affiftance 
of  our  experiments,  purpofely  made  to  bring  us  farther  acquainted  with 
the  nature  of  white  and  black. 

1.  Take  any  quantity  of  fair  water,  heat  it,  and  add  thereto  as  much  The  nature  of 
good  common  fublimate  as  it  will  diflolve,  or  till  fome  of  it  lie  untouched  tff,it!Htfs  and 
at  the  bottom  of  the  liquor;  then  filter  this  folution  thro’  cap- caper,  jb/zvnfy  ex- 
and,  to  a fpoonful  or  two  of  the  clear,  add  four  or  five  drops  of  good  periments . 
limpid  fpirit  of  urine  : lhake  them  together,  and  immediately  the  whole 

mixture  will  appear  white,  like  milk.  After  this,  if  you  prefently  add 
a convenient  proportion  of  redtify’d  Aqua  forth , the  whitenefs  will 
immediately  difappear,  and  the  whole  mixture  become  tranfparent; 
which  you  may,  if  you  pleafe,  again  reduce  to  a confiderable  degree  of 
whitenefs,  by  pouring  thereinto  more  freffi  fpirit  of  urine.  It  is  not 
necefiary  to  employ  either  Aquafortis,  or  fpirit  of  urine,  about  this  ex- 
periment ; for  we  have  made  it  with  other  liquors. 

2.  Make  a ftrong  infufion  of  bruis’d  galls  in  fair  water  ; and  having 
filtered  it  into  a clean  vial,  add  more  of  the  fame  fluid  to  it,  till  you  have 
made  it  fomewhat  tranfparent,  and  fufficiently  diluted  the  colour  for  the 
credit  of  the  experiment.  In  this  infufion,  lhake  a convenient  quantity  of 
a clear,  but  very  ftrong  folution  of  vitriol  ; and  you  fhall  immediately  fee 
the  mixture  turn  black,  almoft  like  ink  : and  if,  prefently  after,  you  drop 
into  this  mixture  a fmall  quantity  of  good  oil  of  vitriol,  and,  by  fhaking 
the  vial,  fuddenly  difperfe  it  thro’  the  two  other  liquors ; you  will  fee  the 
dark  colour  of  the  whole  prefently  begin  to  diftipate,  grow  clear,  tranf- 
parent, and  lofe  its  inky  blacknefs  ; which  may  be  again  reftored  by  the 
affufion  of  a fmall  quantity  of  a ftrong  folution  of  fait  of  tartar.  And 
tho’  both  thefe  atramentous  liquors  will  feem  very  pale,  if  you  write  with 
a clean  pen  dipt  in  them  ; yet  that  is  common  to  them,  with  fome  forts 
of  ink,  which  prove  very  good  when  dry  ; as  I have  found,  that  when 
thefe  were  carefully  made,  what  I wrote  with  either,  efpecially  with 
the  former,  would,  after  a while,  turn  fufficiently  black.  This  ex- 
periment of  deftroying  and  reftoring  blacknefs,  we  have  likewife  try’d  in 
common  ink  ; tho’  with  this  it  fucceeds  not  fo  well,  and  but  very  flowly  ; 
becaufe  the  gum  ufually  employ’d  in  making  it,  oppofes  the  operations 
of  the  faline  liquors.  And  tho’  it  be  taken  for  granted,  that  bodies  will 
not  precipitate  with  alkalizate  falts,  which  have  not  been  firft  difiblved 
in  fome  acid  menftruum  ; yet  I have  found,  upon  trial,  that  many  vege- 
tables, barely  infufed,  or  but  (lightly  boiled  in  common  water,  afford, 
upon  the  bare  affufion  of  a ftrong  and  clear  lixivium  of  pot-afhes,  a large 
quantity  of  coagulated  matter ; fuch  as  I have  had  in  the  precipitations  of 
vegetable  fubftances,  by  means  of  acids ; and  that  this  matter  was  eafily 
feparable  from  the  reft  of  the  liquor  ; being  left  behind  by  it  in  the  filtre. 

And,  from  the  firft  ink  mentioned  in  this  experiment,  I could,  by  filtra- 
tion, feparate  a confiderable  quantity  of  a very  black  pulverable  fubftance. 

And  when  the  ink  was  made  clear  again,  by  the  oil  of  vitriol,  the  affufion 
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Physics,  of  diffolved  fait  of  tartar  feem’d  but  to  precipitate,  and  thereby  unite 

^/VV  and  render  confpicuous,  the  corpufcles  of  the  black  mixture,  that  had 
been  before  difperfed,  into  very  minute  and  fingly  invifible  particles,  by 
the  refolving  power  of  the  highly  corrofive  oil  of  vitriol.  And  that  galls 
are  notabfolutely  neceffary  to  make  atramentous  liquors,  appears  from  the 
following  experiment.  We  boil’d  dry’d  rofe-leaves  for  a while  in  fair 
water,  and  into  two  or  three  fpoons-ful  of  the  decoCtion,  /hooka  few  drops 
of  a ftrong  and  well  filtred  folution  of  vitriol  ; whereupon  the  mixture 
immediately  turn’d  black:  and  prefently  /baking  herein  a juft  proportion 
of  Aquafortis , we  changed  it  from  a black  to  a deep  red  ink  ; which,  by 
the  affufion  of  a little  fpirit  of  urine,  may  be  reduced  immediately  to  an 
opake  blacki/h  colour. 

3.  In  thefe  experiments,  the  infufion  of  galls,  the  decodlion  of  rofes, 
and  the  folution  of  vitriol,  have  each  their  own  colour ; but  we  may 
fuddenly  produce  a blacknefs,  by  mixing  an  infufion  of  orpiment,  and 
a folution  of  minium,  both  whereof /hall  be  limpid  and  colourlefs.  And 
with  thefe  liquors  may  be  exhibited  a curious  and  furprizing  phenomenon, 
if  made  and  applied  in  the  following  manner:  i.Take  of  the  ftrongeft 
unflaked  lime  about  two  parts,  of  yellow  orpiment  one  part,  of  fair 
water  fifteen  or  fixteen  parts  *,  beat  the  lime  grofly,  and  powder  the 
orpiment,  with  care  to  avoid  the  noxious  duft:  and  having  put  thefe  two 
ingredients  into  the  water,  let  them  remain  there  for  two  or  three  hours  ; 
ftirring  the  mixture  from  time  to  time.  Thus  you’ll  obtain  a fetid  liquor*, 
the  clear  part  whereof  muft  be  poured  off  from  the  reft,  or  gain’d  by  the 
filtre.  2.  In  the  mean  time  burn  a piece  of  cork,  and  quench  it,  whilft 
fired,  for  feveral  times  fuccelfively  in  fair  water  *,  and  having,  by  this 
means,  reduced  it  to  a coal,  you  may  eafily,  by  grinding  it  with  a folution 
of  gum-arabic  in  water,  bring  it  to  the  colour  and  confidence  of  a good 
black  ink.  3.  I ake  any  quantity  of  red  lead,  and  two  or  three  times  its 
weight  of  vinegar,  or  rather  the  weak  fpirit  of  it  *,  and,  putting  the 
powder  and  that  into  a glafs  vial,  let  them  infufe  in  fome  ccnfiderably 
warm  place  for  two  or  three  hours,  till  the  liquor  has  acquired  a fweet 
tafte.  Matters  being  thus  prepared,  write  what  you  pleafe  with  a clean 
pen  dipt  in  the  folution  of  the  red  lead  ; which,  if  filtred,  will  prove  fo 
clear,  as  to  be  invifible  upon  the  paper.  Over  what  is  thus  written, 
you  may  draw  any  characters  or  letters  you  pleafe,  with  a pen  dipt  in  the 
black  ink  made  with  cork.  And,  laftly,  to  fhew  the  experiment,  dip 
a linen  rag  in  the  fetid  folution  of  the  lime  and  orpiment,  which  is  alfo 
limpid,  and  draw  itover  the  written  paper;  and  this  will  at  once  both 
wipe  out  the  ftrokes  of  the  black  ink,  and  render  all  that  was  wrote  with 
the  invifible  ink  confpicuoufly  black. 

j - P*eceso^  ^rt^-hombe,  with  a moderate  degree  of  fire, 
d lit  filed  in  a glafs  retort,  they  will,  after  the  feparation  of  the  phlegm, 
fpirit,  volatile  fait,  and  the  loofer  and  lighter  parts  of  the  oleaginous  fub- 
ftance,  remain  one  behind  of  a coal-black  colour.  And  even  ivory  itfelf, 
when  skilfully  burnt,  affords  painters  one  of  the  beft  and  deepeft  blacks 

they 
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they  have.  Yet,  in  the  inftance  of  diftill’d  hart’s- horn,  the  operation  be- 
ing made  in  glafs  vefiels,  carefully  clofed,  no  extraneous  black  fubftance 
infinuates  itfelf  into  the  white  horn  ; but  the  whitenefs  is  deftroyed,  and 
the  blacknefs  generated  only  by  a change  of  texture  made  in  the  burnt 
body  by  the  recefs  of  fome  parts,  and  the  tranfpofition  of  others.  And 
tho’  I remember  not  to  have  ever  found  the  Caput  mcrtuum  of  diftilled 
hart’s- horn  to  pafs  from  a black  to  a true  whitenefs,  whilft  it  continued  in 
clofe  vefiels  ; yet,  having  taken  out  the  coal-black  fragments,  and  calcined 
them  in  open  vefiels,  I could,  in  few  hours,  quite  deftroy  that  blacknefs, 
and,  without  fenfibly  changing  their  bulk  or  figure,  reduce  them  to  a 
degree  of  whitenefs:  fo  much  do  thefe  two  colours  depend  upon  the  d‘^- 
pofition  of  the  little  parts  that  the  bodies  wherein  they  are  to  be  met  with, 
confift  of.  And  we  find,  that  if  white-wine  tartar,  or  the  white  cryftals 
of  fuch  tartar,  are  burnt,  without  being  truly  calcined,  the  Caput  mor- 
tuum  will  be  black.  But  if  the  calcination  be  continued  till  the  tartar  is 
perfedlly  reduced  to  a flies,  and  kept  long  enough  in  a ftrong  fire,  the 
remaining  calx  will  be  white.  And  fo  we  fee,  that  not  only  other  vegeta- 
ble fubftances,  but  even  white  woods,  as  the  hazel,  will  yield  a black 
charcoal,  and  afterwards  whitifli  allies.  Thus  alfo  animal  fubftances, 
naturally  white,  as  bones  and  egg-fhells,  grow  black,  upon  being  burnt, 
and  white  again,  when  perfectly  calcined. 

5.  Yet  I much  queftion  whether  the  rule,  adufta  nigra , perufta  albay 
will  hold  as  universally  as  is  prefumed  ; for  I have  feveral  examples  to  al- 
ledge  againft  it.  By  burning  alabafter  fo  as  to  make  it  appear  to  boil 
almoft  like  milk,  and  to  reduce  it  to  a very  fine  powder,  it  would  not 
grow  black  at  all,  but  retain  its  pure  and  native  whitenefs  : and  tho’,  by 
keeping  it  longer  than  ufual  in  the  fire,  I produced  a faint  yellow  in  that 
part  of  the  powder  which  lay  neareft  the  top  of  the  crucible  *,  yet  a cu- 
rious and  experienced  ftone-cutter  told  me  he  had  found,  that  if  ala- 
bafter, or  plaifter  of  Paris , be  very  long  kept  in  a ftrong  fire,  the  whole 
heap  of  burnt  powder  would  exchange  its  whitenefs  for  a much  deeper 
colour  than  the  yellow  I obferved.  Lead  calcined  with  a ftrong  fire,  turns 
at  length,  to  minium,  whofe  colour  we  know  is  a deep  red ; and  if  this 
minium  be  again  urged  with  a ftrong  fire,  you  will  foon  find  a glafly 
brittle  body,  darker  than  minium,  than  any  white  calx  or  glafs.  ^Tis 
known  among  chymifts,  that  the  white  calx  of  antimony,  by  a more 
vehement  operation  of  the  fire,  may  be  melted  into  a glafs ; which  we  have 
obtain’d  of  a red  colour  far  deeper  than  that  of  the  calx  of  burnt  anti- 
mony: and  tho’  common  glafs  of  antimony,  being  ufually  adulterated 
with  borax,  have  its  colour  thereby  diluted,  often  to  a very  pale  yellow: 
yet  not  only  ours,  made  more  genuinely,  was,  as  we  faid,  of  a colour 
lefs  remote  from  black  than  the  calx  ; but,  by  melting  it  once  or  twice 
more,  we  found  the  colour  heighten’d.  And  if  you  burn  blue  unfophifti- 
cated  vitriol  very  flowly,  and  with  a gentle  degree  of  heat,  you  may 
obferve,  that  when  ’tis  burnt  only  fo  far  as  to  rub  to  powder  betwixt 
your  fingers,  it  will  be  of  a white,  or  whitifli  colour : but  if  you  profe- 
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Physics,  cute  the  calcination,  this  body  will  pafs  thro’  other  colours,  as  a grey, 
a yellowifh,  and  a red : and  if  you  continue  it  in  a long  and  vehement 
fire,  by  that  time  it  comes  to  be  thoroughly  calcined,  it  will  be  of  a dark 
purple,  nearer  to  black,  not  only  than  the  firfb  calx,  but  than  the  vitriol, 
before  it  at  all  felt  the  fire.  I might  add,  that  Crocus  Martis , made  by  the 
lafting  violence  of  the  reverberated  flames,  is  not  fo  near  to  white  as  the 
iron  or  fteel  that  afforded  it,  before  its  calcination. 

Thefe  inftances  may  fuffice  to  fhew,  that  minerals  are  to  be  excepted 
from  the  foremention’d  rule  *,  which,  tho’  it  feldom  fails  in  fubftances 
belonging  to  the  animal  or  vegetable  kingdom,  may  yet  be  fufpe&ed  even 
in  fome  of  thefe,  if  Belonius  fay  true,  that  charcoal,  made  of  the  wood 
of  oxycedar  is  white.  And  I could  not  find,  tho’  hart’s-horn,  and  other 
white  bodies,  will  turn  black  in  retorts,  by  heat,  that  camphire  would  at 
all  lofe  its  whitenefs  *,  tho’  1 have  purpofely  kept  it  in  fuch  a heat  as  made 
it  melt  and  boil. 

6.  And  tho*  I could  not,  in  clofed  glafies,  blacken  camphire  by  heat, 
but  it  would  fublime  to  the  fides  and  top  of  the  vefiel  in  its  natural  form  ; 
yet  being  fet  on  fire  in  the  free  air,  it  fends  out  a great  fmoke : and  having, 
purpofely,  upon  fome  of  it,  whilft  flaming,  clapt  a large  glafs,  almofl 
in  the  form  of  a hive,  with  a hole  at  the  top,  it  continued  burning,  fo  as 
to  line  all  the  infide  of  the  glafs  with  a foot  as  black  as  ink-,  and  in  fo 
great  a quantity,  that  the  clofenefs  of  the  vefiel  confider’d,  almofl  all  that 
part  of  the  camphire  which  took  fire,  feem’d  to  have  been  changed  into 
that  deep  black  fubflance. 

7.  I took  rectified  oil  of  vitriol,  and,  by  degrees,  mixed  with  it  a con- 
venient proportion  of  the  efiential  oil  of  wormwood*,  and,  warily  dril- 
ling the  mixture  in  a retort,  there  remain’d  a fcarce  credible  quantity  of 
dry  matter,  black  as  a coal.  And  becaufe  the  oil  of  wormwood,  tho*  a 
chymical  oil,  and  drawn  by  a virtuofo,  feern’d  to  have  fomewhat  in  it  of 
the  colour  of  the  plant,  I fubftituted  in  its  room,  the  pure  and  fubtile  oil 
of  winter-favory  ; and  gradually  mixing  it  with  an  equal  weight  of  the 
fame  oil  of  vitriol,  and  diflilling  them,  as  before,  in  a retort,  even  thefe 
two  clear  liquors  left  me  a confiderable  proportion  of  a fubflance  black 
as  pitch  *,  which  I keep  by  me  as  a rarity. 

8.  Take  a little  yellow  wax,  fcraped,  or  thinly  diced,  and  putting  it 
into  a convenient  glafs,  pour  to  it  a confiderable  quantity  of  fpirit  of 
wine*,  and,  placing  the  vefiel  in  warm  fand,  increafe  the  heat  by  de- 
grees, till  the  fpirit  of  wine  juft  begins  to  boil  *,  and  by  continuing  that  de- 
gree of  heat,  you  will  quickly  find  the  wax  diftolv’d  : then  taking  it  off, 
you  may  either  fuffer  it  to  cool  as  haft ily  as  with  fafety  to  the  glafs  it 
can,  or  pour  it,  whilft  yet  hot,  into  a filtre  of  paper  *,  and  either  in  the 
glafs  where  it  cools,  or  in  the  filtre,  you  will  foon  find  the  wax  and  men- 
ftruum  together  reduced  into  a white  fubflance  almofl  like  butter  *,  which, 
by  letting  the  fpirit  exhale,  will  fhrink  into  a much  lefs  bulk,  but  ftill 
retain  its  whitenefs.  ’Tis  a pretty  phenomenon  in  working  of  this  ma- 
giftery  of  wax,  that  the  yellownefs  vanifhes,  and  neither  appears  in  the 
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fpirit  of  wine  that  paffes  limpid  thro’  the  filtre,  nor  in  the  butter,  if  I Physics. 
may  fo  call  it,  which  is  wax  well  and  fuddenly  blanched. 

9.  We  took  two  parts  of  common  fublimate,  and  one  of  tin-glafs,  both 
finely  powdered,  and  exactly  mixed  ; thefe  we  fublimed  together,  by  pro- 
per degrees  of  fire,  and  there  afcended  a matter  of  a very  peculiar  texture, 
for  the  mod  part  made  up  of  very  thin,  fmooth,  foft,  fiippery  plates,  a V 
mod  like  the  fined  fort  of  fifh-fcales  ; but  of  fo  lovely  a white,  inclining 
to  pearl-colour,  and  of  fo  curious  and  fhining  a glofs,  that  they  appeared, 
in  fome  refpe&s,  little  inferior  to  orient  pearls,  and,  in  others  feem’d  to 
furpafs  them.  They  were  applauded  for  a fort  of  the  prettied  trifles  we 
had  ever  prepared  to  amufe  the  eye.  I will  not  undertake,  that  tho’  a 
man  can  hardly  mifs  changing  the  colour  of  the  tin-glafs,  that  he  fliall  at 
the  fird,  or  perhaps  the  fecond  trial,  hit  upon  the  right  way  of  making 
this  glittering  fublimate. 

10.  When,  in  Aqua  forth,  we  difiolve  a mixture  of  gold  and  filver, 
melted  into  one  mafs,  it  ufually  happens,  that  the  powder  of  gold  which 
falls  to  the  bottom,  as  not  being  diflfoluble  by  that  mendruum,  will  not 
retain  its  own  yellow,  but  appear  of  a black  colour;  tho*  neither  the  gold, 
the  filver,  nor  the  Aqua  fortis  did  before  manifed  any  blacknefs.  And 
many  chymids,  when  they  make  folutions  of  minerals,  are  very  glad  to 
fee  a black  powder  precipitated  to  the  bottom  ; taking  it  for  a hopeful 
fign,  that  thofe  particles  are  of  a golden  nature,  which  appear  in  a colour 
fo  common  to  gold,  when  feparated  from  other  metals  by  Aqua  forth 9 
tho’  fo  obdinate,  that  it  is  hard  for  the  refiner  to  reduce  the  precipitated 
calx  to  its  native  colour.  For  tho*  that  may  quickly  be  done  by  fire, 
which  will  make  this  gold  look  very  charmingly,  and  is  indeed  one  of  the 
bed  ways  in  practice  for  the  refining  of  gold  ; yet  it  requires  a watchful 
eye,  and  competent  skill,  to  give  it  fuch  a degree  of  fire,  as  will  ferve  to 
redore  its  ludre,  without  bringing  it  to  fufion.  I remember,  that  having 
taken  a flat  bright  piece  of  gold  refined  by  a curious  and  skilful  perfon,  on 
purpofe  to  try  to  what  height  of  purity  that  metal  could  be  brought  by 
art ; 1 found  this  very  piece,  as  glorious  as  it  look’d,  being  rubb’d  a little 
upon  fine  clean  linen,  fullied  it  with  a kind  of  black.  And  the  like  I 
have  obferved  in  refined  filver ; which  I therefore  mention,  becaufe  1 for- 
merly fufpedted,  that  the  impurity  of  the  metal  might  have  been  the  only 
caufe  of  what  I have  frequently  obferved  in  wearing  filver- hiked  fwords, 
that  where  they  rubb’d  upon  my  clothes,  when  made  of  light-coloured 
cloth,  they  would  quickly  black  them.  And  thus  alfo  I have  found  pens 
blacked  nearly  all  over,  upon  carrying  them  about  me  in  a filver  ink-cafe. 

And  as  in  thefe  feveral  indances  of  acquired  blacknefs,  the  metals  are 
worn  off,  or  otherwife  reduced  to  very  minute  parts,  ’tis  a circumdance 
thatdeferves  to  be  remark’d. 

11.  That  a folution  of  filver  will  dye  hair  of  a black  colour,  is  a 
known  experiment,  wherewith  fome  perfons  of  greater  curiofity  than 
skill  have  unluckily  made  their  friends  very  merry.  And  I lately  diverted 
myfelf  by  an  improvement  of  this  obfervation ; for  having  diffolved  fome 
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pure  filver  in  Aqua  fortis , and  wholly  evaporated  the  menftruum,  I caus’d 
a quantity  of  fair  water  to  be  poured  upon  the  calx,  two  or  three  feveral 
times ; and  to  be  each  time  evaporated,  till  the  calx  was  very  dry,  and 
all  the  greeniffi  blue,  that  ufually  appears  in  common  cryftals  of  diver, 
quite  vanifhed  : after  this,  I made  thofe  I had  a defign  upon,  to  moiften 
fome  part  of  their  skin  with  their  own  fpittle,  and  (lightly  rub  the  moift- 
ened  parts  with  a little  of  the  filver  thus  prepared  ; upon  which  they  were 
furprizsd,  to  fee  that  a fnow- white  body  fhould  prefently  produce  a deep 
blacknefs  there,  as  if  the  (tains  had  been  made  with  ink.  This  blacknefs 
could  not,  like  that  produced  by  ink,  be  readily  walked  away  •,  but  re  - 
quired a long  time  to  be  got  off.  And  with  the  fame  calx,  and  a little 
fair  water,  we  likewife  ftain’d  the  white  hafts  of  knives  with  a lading 
black,  in  thofe  parts  where  the  calx  was  plentifully  laid  on  •,  but  where  it 
was  very  thinly  fpread,  the  dain  was  not  of  quite  fo  deep  a colour. 

12.  The  caufe  of  blacknefs,  in  whole  nations  of  Negroes , has  been  long 
difputed  by  learned  men  ; who  poffibly  had  done  well  to  have  confidered 
why  fome  whole  races  of  other  animals,  as  foxes  and  hares,  are  didin- 
guilhed  by  a blacknefs  unufual  to  the  generality  of  the  fame  fpecies. 
However,  I fhall  freely  acknowledge,  that  this  inquiry  feems  more  ab- 
drufe  to  me  than  it  does  to  many  others  *,  becaufe,  confulting  many  au- 
thors, the  accounts  of  voyages,  and  travellers,  to  fatisfy  myfelf  in  mat- 
ters of  fa<5t  relating  to  it ; I have  met  with  fome  things  among  them,  which 
feem  not  to  agree  with  the  notion  of  the  mod  claflic  writers  upon  this 
head.  As  it  is,  therefore,  my  prefent  bufinefs  to  deliver  rather  matters 
hidorical,  than  theoretical,  I (hall  annex  fome  few  of  my  collections,  in- 
dead of  a formal  difputation. 

It  is  commonly  prefumed,  that  the  heat  of  the  climates,  inhabited  by 
Negroes , is  the  caufe  of  their  colour  % and  this,  principally,  becaufe  we 
plainly  fee,  that  mowers,  reapers,  and  other  country  people,  who  fpend 
the  mod  part  of  the  fummer-days  in  the  heat  of  the  fun,  have  the  skin  of 
their  hands  and  faces,  which  are  the  parts  immediately  expofed  to  his  rays, 
of  a dark  colour,  and  tending  to  blacknefs.  On  the  contrary,  we  obferve, 
that  the  Banes , and  other  inhabitants  of  cold  climates,  and  even  the  Englifh , 
who  feel  not  fo  fevere  a degree  of  cold,  have  ufually  whiter  faces  than  the 
Spaniards , Portugueze , and  other  Europeans  of  hotter  countries.  But  this 
argument  feems  far  more  fpecious  than  convincing  ; for  tho’  the  heat  of 
the  fun  may  darken  the  colour  of  the  skin,  yet  experience  doth  not  (hew, 
that  heat  alone  is  fufficient  to  produce  a difcolouration,  which  (hall  amount 
to  a true  blacknefs,  like  that  of  the  Negroes . Befides,  in  many  parts  of 
Afia , under  the  fame  parallel,  or  in  the  fame  degree  of  latitude  with  the 
African  regions,  inhabited  by  blacks,  the  people  are  but  tawny.  And  in 
Africa  itfelf,  many  nations  in  the  empire  of  Ethiopia  are  not  Negroes , tho* 
iituate  in  the  torrid  zone,  and  as  near  the  equinoctial,  as  other  nations, 
that  are  black.  Again,  I find  not,  by  the  bed  accounts,  I could  any 
where  obtain  of  the  JVeft- Indies,  that,  excepting,  perhaps,  one  place,  or 
two,  of  fmall  extent,  there  are  any  blacks,  originally  natives  of  any 
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part  of  American  for  the  blacks,  now  there,  were,  by  the  Eurbpeansy  long  Physics. 
ago  tranfplanted  thither:  tho’  it  contains  fo  great  a variety  of  climates,  L/W' 
and  particularly  reaches  quite  crofs  the  torrid  zone,  from  one  tropic  to  the 
other.  ’Tis  true,  the  Banes  are  a whiter  people  than  the  Spaniards,  yet 
this  may  proceed  rather  from  other  caufes,  than  the  coldnefs  of  the  cli- 
mate ; fince  the  Swedes , and  other  inhabitants  of  thofe  cold  countries,  are 
not  ufually  fo  white  as  the  Danes , nor  whiter  than  other  nations,  in  pro- 
portion to  their  diftance  from  the  pole.  And,  in  the  numerous  train  of 
an  ambaflador  extraordinary  from  the  Ruffian  emperor,  I obferved,  tho’ 
it  were  then  winter,  the  colour  of  their  hair  and  skins  was  far  lefs  whitifh 
than  that  of  the  Danes , who  inhabit  a milder  region ; and  rather,  for  the 
moft  part,  of  a darkifh  brown.  And  the  phyfician  to  this  ambaffador 
told  me,  that,  in  Mufcovy  itfelf,  the  generality  of  the  people  were  more 
inclined  to  have  dark-coloured  hair,  than  flaxen  ; but  feem’d  to  fufped, 
that  the  true  and  ancient  Ruffians , fome  whereof  he  had  met  with  in  one 
of  the  provinces  of  that  vafl:  empire,  were  rather  white,  like  the  Danesy 
than  any  thing  near  fo  brown,  as  the  prefent  Muscovites,  whom  he  guefles 
to  be  defcended  from  the  Tartars , and  to  have  inherited  their  colour  from 
them. 

But  further,  eminent  authors  inform  us,  that  there  are  Negroes  in 
Africa , not  far  from  the  cape  of  Good-Hope , and  confequently  beyond  the 
fouthern  tropic  ; and  out  of  the  torrid  zone,  about  the  fame  latitude  to 
the  north,  there  are  many  American  nations,  that  are  not  Negroes  ; and 
wherein  the  inhabitants  of  Candia , fome  parts  of  Sicily,  and  even  of  Spain , 
are  not  fo  much  as  tawny.  Nay,  I find,  by  our  latefl:  accounts  of  Green - 
landy  that  the  inhabitants  there  are  olive-colour’d,  or  rather  of  a darker 
hue.  But  if  the  cafe  were  the  fame  with  men,  and  thofe  other  kinds  of  ani- 
mals, before  mentioned  ; I fhould  offer  a remark,  as  a confiderable  proof, 
that  cold  may  do  much  towards  making  men  white,  or  black.  However 
it  be,  I fhall  fet  down  the  obfervation,  as  deferving  a place  in  the  hiilory 
of  whitenefs  and  blacknefs.  It  is  affirmed  by  Olaus  Magnusy  and  others, 
that  in  fome  parts  of  Ruffia  and  Livonia , hares,  foxes,  and  partridges, 
which  were  black  before,  or  red,  or  grey,  become  white  in  the  depth  of 
winter,  by  reafon  of  the  great  coldnefs  thereof.  And  a virtuofo,  who 
lately  travelled  thro*  Livonia  to  Mofcow , confirms  this  relation  ; adding, 
that  himlelf  had  feen  fuch  animals  there,  whilft  they  were  white,  which 
the  inhabitants  allured  him  had  been  black,  or  of  other  colours,  before 
the  winter  began,  and  that  they  would  be  fo  again,  when  that  feafon 
was  over.  But,  for  further  fatisfa&ion,  I alfo  confulted  one,  who  had, 
for  fome  years,  been  an  eminent  phyfician  in  Ruffiay  and  who,  tho*  he 
rejedted  fome  other  traditions,  that  are  generally  believed  concerning 
that  country,  told  me,  he  faw  no  caufe  to  doubt  of  this  relation,  as  to 
foxes  and  hares ; not  only  becaufe  ’tis  the  common  and  uncontefted  af- 
fertion  of  the  natives,  but  alfo,  becaufe  he  himfelf,  in  the  winter,  could 
never,  that  he  remember’d,  fee  foxes  and  hares  of  any  other  colour  than 
white.  And  I myfelf,  having  feen  a fmall  white  fox  brought  out  of 
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Physics.  Ruffia  into  England  towards  the  latter  end  of  winter,  foretold  thofe  who 
fhew’d  him  me,  that  he  would  change  colour  in  the  fummer  ; and  accord- 
ingly, coming  to  look  upon  him  in  Jul y,  I found  that  his  back  and  fides, 
with  the  upper  part  of  his  head  and  tail,  were  already  grown  of  a dark 
colour ; the  lower  part  of  the  head  and  belly  ftill  continuing  white. 

Let  me  add,  that  were  it  not  for  fome  fcruple,  I fhould  think  more 
than  what  Olaus  relates  confirm’d  by  Olearius , who,  in  his  Account  of 
Mufcov^  has  this  paffage  : “ The  hares  are  there  grey,  but  in  fome  pro- 

“ vinces  they  grow  white  in  the  winter.”  And  foon  after “ It  is  not 

<c  very  difficult  to  find  the  caufe  of  this  change,  which  certainly  proceeds 
“ from  the  outward  cold  ; fince  I know  that  even  in  fummer,  hares  will 
cc  change  their  colour,  if  they  be  kept  for  a competent  time  in  a cellar.” 
But  in  the  fame  page,  this  author  affirms  the  like  change  of  colour  that 
happens  to  hares  in  fome  provinces  of  Mufcov y,  happens  to  them  alfo  in 
Livonia  ; and  yet  immediately  fubjoins,  that  in  Cnrland  the  hares  vary  not 
their  colour  in  winter,  tho’  the  two  latter  countries  be  divided  only  by  the 
river  Dugna:  for  it  is  fcarce  conceivable,  how  cold  alone  fhould  have,  in 
countries  fo  near,  fo  very  differing  an  effedt  ; tho’  not  more  flrange,  than 
what  is  believed  by  thofe  who  afcribe  the  complexion  of  Negroes  to  the  heat 
of  the  fun,  when  they  would  have  the  river  Cenega  fo  to  affedt  the  Moors , 
that  tho’  on  the  north  fide  they  are  but  tawny,  on  the  other  fide  they  are 
black.  There  is  another  opinion  as  to  the  complexion  of  the  Negroes , not 
only  embrac’d  by  many  of  the  more  vulgar  writers,  but  by  men  of  emi- 
nence and  learning  ; who  would  have  their  blacknefs  an  effedt  of  Noah's 
curfe  upon  Chain . But  tho’  a naturalift  may  fafeiy  believe  all  the  miracles 
attefted  by  the  holy  fcriptures,  yet  in  this  cafe  to  fly  to  a fupernatural 
cr.ufe,  will,  I fear,  look  like  fhifting  off  the  difficulty,  inftead  of  folving 
it  j for  we  here  enquire  not  into  the  firft  and  univerfal,  but  the  proper, 
immediate,  and  phyfical  caufe  of  the  blacknefs  in  Negroes.  Belides,  ’tis 
not  exprefs’d  in  fcripture,  that  the  curfe  meant  by  Noah  to  Chain , was  the 
blacknefs  of  his  pofterity  *,  but  ’tis  plain  this  curfe  was  quite  another  thing, 
clearly  expreffing  that  he  fhould  be  a fervant  of  fervants,  that  is,  a very 
abjedt  fervant  to  his  brethren  : which  accordingly,  in  fome  meafure,  came 
to  pafs,  when  the  Ifraelites , the  pofterity  of  Sem,  fubdued  the  Canaanites 
that  defcended  from  Cham , and  kept  them  in  great  fubjedtion.  But  how 
is  blacknefs  a curfe  ? for  navigators  tell  us  of  black  nations,  who  think  fo 
differently  of  their  own  condition,  that  they  paint  the  devil  white. 

Blacknefs  is  not  inconfiftent  with  beauty,  which  depends  not  fo  much 
upon  colour,  as  an  advantageous  ftature,  a comely  fymmetry  of  the  parts 
of  the  body,  and  juft  features  in  the  face^  fo  that  I fee  not  why  it  fhould 
be  thought  fuch  a curfe  to  the  Negroes , unlefs,  perhaps,  they  going  naked 
in  thofe  hot  climates,  the  colour  of  their  skin  probably  makes  the  fun- 
beams  more  fcorching  to  them,  than  they  would  prove  to  people  of  a 
white  complexion.  ’Tis  very  probable  that  the  principal  caufe  of  black- 
nefs in  Negroes^  is  fome  peculiar  and  feminal  impreffion  * for  black  chil- 
dren. 
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dren,  brought  over  into  thefe  colder  climates,  Jofe  not  their  colour.  And  Physics. 
credible  authors  inform  us,  that  the  offspring  of  negroes,  tranfplanted 
out  of  Africa  above  a hundred  years  ago,  ftili  retain  the  complexion  of 
their  progenitors  ; tho*  poflibly,  in  trad  of  time,  it  will  decay  : on  the 
other  hand,  white  people  removing  into  very  hot  climates,  have  their 
skins,  by  the  heat  of  the  fun,  fcorch’d  into  dark  colours-,  tho’  neither 
they  nor  their  children  are  obferv’d,  even  in  the  countries  of  negroes,  to 
defcend  to  a true  black.  Yet  Pifo  tells  us,  that  betwixt  the  Americans  and 
negroes,  are  generated  a diftind  fort  of  men,  which  they  call  Cabocles  ; 
and  that  betwixt  Portugueze  men  and  Ethiopian  women,  he  has  fometimes 
feen  twins,  one  whereof  had  a white  skin,  and  the  other  a black  one, 
with  other  the  like  effedsof  feminal  impreffions,  from  whence  they  feem 
to  proceed  ; fince  even  organical  parts  may  receive  great  differences  from 
fuch  peculiar  impreffions,  upon  what  account  foever  they  came  to  be  fet- 
tled in  the  firfl  individuals,  from  whom  they  are  propagated  to  poflerity ; 
as  we  fee  in  the  thick  lips  and  flat  nofes  of  moft  nations  of  negroes.  And 
if  we  may  credit  what  learned  men  deliver  concerning  the  little  feet  of 
the  Chinefe , the  Macrocephali , taken  notice  of  by  Hippocrates , will  not  be 
the  only  inftance  we  might  apply  to  our  prefent  purpofe.  And  on  this  oc- 
cafion  it  may  not  be  impertinent  to  add  what  I have  obferved  in  other  ani- 
mals. Thus  there  is  a fort  of  hens  which  want  rumps ; and  I have  feen  a 
perfedly  white  raven,  both  in  bill  and  feathers  \ which  I attentively  con- 
fider’d,  for  fear  of  being  impos’d  upon.  A very  ingenious  phyfician  has 
often  told  me  of  a young  lady,  a patient  of  his,  who  greatly  complain’d 
of  want  of  health,  tho’ there  appear’d  fo  little  caufe  thereof  in  any  re- 
fpedt,  that  he  concluded  it  wholly  imaginary,  and  advis’d  only  little 
journeys  of  pleafure when  going  once  to  vifit  St.  IVinifrid’s  well,  the 
lady,  who  was  a catholic,  and  devout  in  her  religion,  having  continued  a. 
pretty  while  in  the  water,  to  perform  fome  devotions,  fix’d  her  eyes  very 
attentively  upon  the  red  pebble  ftones,  which,  in  a fcatter’d  order,  made 
a large  part  of  thofe  that  appear’d  thro3,  the  water.  A while  after  this, 
fhe  grew  big,  went  her  time,  and  was  deliver’d  of  a child,  vvhofe  skin, 
was  plentifully  fpeckled  with  fpots  of  the  colour  and  magnitude  of  thofe 
ftones : and  tho’  this  child  is  many  years  old,  yet  fhe  ftili  retains  them. 

1 have  but  two  things  here  to  add  concerning  the  blacknefs  of  negroes ; 
the  one  is,  that  the  feat  of  that  colour,  feems  to  be  only  the  thin  outward 
skin  *,  for  I knew  a young  black,  who,  having  been  lightly  fick  of  the 
fmall-pox  or  meafles,  had,  in  the  places  of  the  puftules,  whitifh  fpecks 
left  behind.  And  Pifo  afiures  us,  that  upon  difle£ting  many  negroes  in 
Brazil , he  found  their  blacknefs  went  no  deeper  than  the  cuticle,  which 
being  removed,  the  cutis  appear’d  as  white  as  that  of  European  bodies. 

And  the  like  has  been  affirm’d  to  me  by  a phyfician,  who  differed  a ne- 
groe  in  England.  The  other  thing  I fhall  here  take  notice  of  concerning 
negroes,  is,  that  an  intelligent  acquaintance  of  mine,  who  keeps  about 
three  hundred,  women  and  men,  to  work  in  his  plantations  in  the  Indies , 
told  me  their  children  came  into  the  world  almoft  of  the  like  reddifh  co- 
lour 
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Physics,  lour  with  our  European  children ; and  that  in  a few  days  after  they  ap- 
L/Y\j  pear’d  black.  Agreeable  hereto  is  the  account  lately  publiffi’d  by  a Jefuit, 
one  of  the  miffionaries  into  South- America,  who  there  baptiz’d  feveral 
infants*,  which,  when  newly  born,  he  fays,  were  much  of  the  fame  colour 
with  European  children,  but  within  about  a week  begin  to  put  on  the  hue 
of  their  parents.  More  full  is  the  teftimony  of  our  countryman,  Andrew 
Battel ; who  being  fent  prifoner  to  Angola,  lived  there,  and  in  the  adjoin- 
ing regions,  near  eighteen  years  ; for  he  mentioning  the  African  kingdom 
of  Longo  peopled  with  blacks,  fays,  according  to  Purchas , 44  The  children 
44  in  this  country  are  born  white,  and  change  their  colour  in  two  days  to 
46  a perfedt  black.  The  Portuguese,  in  the  kingdom  of  Longo , have  fome- 
44  times  children  by  the  negro  women  > and  the  fathers  are  often  deceiv’d, 
44  thinking  that  when  the  child  is  born,  it  is  theirs,  and  within  two  days 
44  it  proves  itfel-f  the  child  of  anegroe.”  And  the  fame  perfon  has  elfe- 
wherea  relation,  which,  if  we  may  credit  it,  is  very  well  worth  our  notice-, 
fince  this,  together  with  what  we  have  formerly  mention’d  of  feminal  im- 
preffions,  fhews  it  poflible  that  a race  of  blacks  might  be  begun,  tho’  none 
of  the  fons  of  Adam  were  for  many  precedent  generations  of  that  com- 
plexion. ’Tis  furelyas  pofTible,  that  white  parents  may  fometimes  have 
black  children,  as  that  African  negroes  fhould  fometimes  have  laftingly 
white  ones  -,  efpecially  fince  concurrent  caufes  may  more  eafily  favour  the 
production  of  the  former,  than,  in  the  fcorching  heat  of  Africa , that  of 
the  latter.  And  1 remember,  what  may  a little  countenance  this  affertion, 
that  the  poffeffor  of  the  white  raven  I formerly  mention’d,  affirm’d  to  me, 
that  in  the  neft,  out  of  which  he  was  taken  white,  they  found  with  him 
another  young  one,  of  as  perfedl  ablackasany  common  raven.  But  to, 
come  to  the  paffage  itfelf : 4 c There  are,  fays  our  author,  fpeaking  of  the 
44  regions  formerly  mention’d,  born  in  this  country  white  children,  which 
44  is  very  rare  among  them,  for  their  parents  are  negroes  ; and  when  any 
44  of  them  are  born,  they  are  prefented  to  the  king,  and  are  call’d  Dondos . 
44  Thefe,  who  are  as  white  as  any  white  men,  are  the  king’s  witches, 
44  and  are  brought  up  in  witchcraft,  and  always  wait  on  the  king.  There 
44  is  no  man  that  dares  meddle  with  thefe  Dondos  ; if  they  go  to  the  mar- 
44  ket,  they  may  take  what  they  lift  ; for  all  men  ftand  in  awe  of  them. 
44  The  king  of  Longo  hath  four  of  them.”  Yet  this  country  in  our  globes 
is  placed  almoft  in  the  midft  of  the  torrid  zone  ; and  our  author  elfewhere 
tells  us,  that  the  inhabitants  here  are  fo  fond  of  their  blacknefs,  that  they 
will  not  fuffer  the  whites  to  be  buried  in  their  land;  of  which  he  an- 
nexes a particular  example,  that  may  be  feen  in  his  voyage,  preferv’d 
by  the  induftrious  Purchas . But  it  is  high  time  to  return  to  our  expe- 
riments. 

Whitenefs pro-  13.  The  way  of  producing  whitenefs  by  chymical  precipitations,  is 
ivical  lprepara- we^  wort^  our  obferving  ; for  thereby  bodies  of  very  different  colours 

tions. P ^ ar*d  natures,  tho’  diffolved  in  various  liquors,  are  all  reduced  to  white 

powders.  Thus  we  find,  that  not  only  crabs  eyes,  and  pearls,  but  red 

coral,  and  minium,  being  diffolved  in  fpirit  of  vinegar,  may  be  uni- 

formly 
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forinly  precipitated  by  oil  of  tartar  into  a white  calx.  Thus  filver,  and  Physics. 
tin,  feparately  difiolved  in  Aquafortis,  will  the  one  precipitate  itfelf,  and  L/W' 
the  other  be  precipitated,  by  common  falt-water  into  white  powders; 
and  fo  will  crude  lead,  tin-glafs,  and  quick-filver,  difiolved  in  Aquafortis, 
and  precipitated  ; aqd  many  of  thefe  powders  may  be  made,  at  lead,  as 
fair  and  white,  if,  imtead  of  oil  of  tartar,  they  were  precipitated  with 
oil  of  vitriol.  Nay,  that  black  mineral  antimony  being  reduced,  by  the 
falts  that  concur  to  compofe  common  fublimate,  into  the  clear  undtuous 
liquor,  called  redlify’d  butter  of  antimony,  will,  as  was  before  obferved, 
by  the  bare  plentiful  affufion  of  fair  water,  be  ft ruck  down  into  a fnow- 
white  powder ; which,  when  well  wafhed  from  its  faltnefs,  is  term’d 
Mercuriusvitce  ; tho’  the  like  powder  may  be  made  of  antimony,  without 
the- addition  of  any  mercury  at  all.  And  this  whitenefs  commonly  en- 
dues, when  fpirit  of  wine,  impregnated  with  thofe  parts  of  gums,  or 
other  vegetable  concretions,  fuppofed  to  abound  with  fulphureous  cor- 
pufcles,  is  fuddenly  diluted  with  fair  water.  And'  on  a tindlure  of 
benjamin,  drawn  with  fpirit  of  wine,  and  brought  to  be  as  red  as  blood, 
having  procured  fome  fair  water,  it  prefently  united  with  the  tindlure, 
and  turn’d  the  whole  mixture  white.  But  if  fuch  milky  fluids  be  fuflfered 
to  Hand  at  reft  for  a convenient  time,  they  ufually  let  fall  to  the  bottom 
a re  fin  o us  fubftance  ; which  the  fpirit  of  wine,  diluted,  and  weakned  by 
the  water,  was  unable  any  longer  to  fuftain.  And  fomething  of  kin  to 
this  change  of  colour  in  vegetables,  is  that  which  chymifts  obferve,  in 
pouring  acid  fpirits  to  the  red  folution  of  fulphur,  made  with  an  infufion 
of  pot-afhes,  or  fome  fharp  lixivium  ; when  the  precipitated  fulphur, 
before  it  fubfldes,  immediately  turns  the  red  liquor  white.  But  though 
moft  precipitated  bodies  are  white,  yet  fome  are  not.  Gold,  dififolved  in 
Aquaregis , whether  precipitated  with  oil  of  tartar,  or  with  fpirit  of  fal- 
armoniac,  will  not  afford  a white,  but  a yellow  calx.  Mercury  alfo, 
though  reduced  to  fublimate,  and  precipitated  with  liquors,  abounding 
in  volatile  falts,  as  the  fpirits  drawn  from  urine,  hart’s-horn,  and  other 
animal  fubftances ; yet  affords,  as  we  formerly  noted,  a white  precipitate: 
but,  with  fome  folutions,  hereafter  to  be  mentioned,  it  wdll  let  fall  an 
orange-tawny  powder.  And  fo  will  crude  antimony,  if,  being  difiolved 
in  a ftrong  lixivium,  you  pour  any  acid  liquor  upon  the  folution,  newly 
filtred , whilfl  it  is  yet  warm.  And  if,  upon  the  filtred  folution  of 
vitriol,  you  pour  a folution  of  lixiviate  falts,  there  will  fubfide  a large 
fubftance,  very  far  from  white,  which  the  chymifts  call  fulphur  of 
vitriol ; fo  that  the  greateft  part  of  difiolved  bodies  being,  by  precipitati- 
on, brought  to  white  powders,  and  yet  fome  affording  precipitates  of 
other  colours,  the  reafon  of  both  the  phenomena  may  deferve  to  be  in- 
quired into. 

1 4.  Some  learned  moderns  are  of  opinion,  that  the  reafon  why  white-  Whether  black 
nefs  andblacknefs  ought  to  be  called  the  two  extreme  colours,  is,  that  r“£lefef0f°ur 
black  receives  no  other  colour,  but  white  very  eafily  receives  them  al \'°and  white  all 
And,  not  to  difpute  about  words,  or  exprefiions,  the  thing  itfelf,  that  is  colours? 

affirmed 
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Physics,  affirmed  as  matter  of  fa<5t,  feems  to  be  true,  in  moft  cafes,  but  not  in 

l/YV  all.  For  tho’  it  be  a common  obfervation  among  dyers,  that  doth  which 
has  once  been  thoroughly  imbued  with  black,  cannot,  well  afterwards  be 
dyed  of  a lighter  colour  ; yet  the  experiments,  lately  delivered,  may 
ffiew,  that,  were  the  change  of  colour  in  black  Indies  attempted,  not 
by  mixing  thole  of  lighter  colours  with  them,  but  by  adding  fuch  things, 
as  are  proper  to  alter  the  texture  of  thofe  corpufcles,  which  contain  the 
black  ; ’tis  no  difficult  matter  to  effedt.  For  inks  of  feveral  kinds, 
may  immediately  be  deprived  of  all  their  blacknefs  ; and  thofe  made 
with  log-wood,  and  red-rofes,  be  changed,  the  one  into  a red,  the 
other  into  a reddiffi  liquor.  With  oil  of  vitriol,  I have  fometimes 
turn’d  black  pieces  of  filk  into  a kind  of  yellow;  and  though  the  taffaty 
were  thereby  made  rotten,  yet  that  no  way  prejudices  the  experiment; 
the  change  of  black  filk,  into  yellow,  being  never  the  lefs  true,  be- 
caufe  the  yellow  filk  is  not  good.  And  as  for  whitenefs,  I think  the 
general  affirmation  of  its  being  fo  eafily  deftroyed,  or  tranfmuted,  by 
any  other  colour,  ought  not  to  be  received,  without  fome  cautions,  and 
reftridtions.  For  tho%  according  to  what  I have  formerly  noted,  lead  is,  by 
calcination,  turn’d  into  that  red  powder,  called  minium  ; and  tin,  by  the 
fame  means,  reduced  to  a white  calx  ; yet  the  common  putty,  inftead  of 
being,  as  it  is  pretended,  and  ought  to  be,  only  the  calx  of  tin,  is,  by 
the  artificers  who  make  it,  to  fave  the  charge  of  that  metal,  compofed 
but  of  half  tin,  and  half  lead,  if  not  far  more  lead  than  tin  ; and  yet 
the  putty,  in  fpight  of  fo  much  lead,  is  a very  white  powder,  without 
difclofing  any  mixture  of  minium.  And  fo,  if  you  take  two  parts  of 
copper,  which  is  a high-coloured  metal,  and  but  one  of  tin,  you  may,  by 
fufion,  bring  them  into  a mafs,  wherein  the  whitenefs  of  the  tin  is  much 
more  confpicuous,  and  predominant,  than  the  reddiffinefs  of  the  copper. 
And  a very  honeft  man  allures  me  upon  his  own  experience,  that  if 
arfenic  and  copper  be  melted  together  in  a due  proportion,  the  arfenic  will 
•blanch  the  copper  both  within  and  without ; and  that  this  white  mixture, 
skilfully  kept  upon  the  cupel,  would  prefently  let  go  its  arfenic,  which 
made  whitenefs  its  predominant  colour,  and  return  to  the  reddiffinefs  of 
copper  : fo  that  fome  white  mineral  bodies  may  be  very  capable  of  eclip- 
fing  others,  and  of  making  their  colour  predominant  in  mixtures.  And, 
as  a further  confirmation  of  this,  I remember,  that  I had  a lump  of  filver 
and  gold,  melted  together,  wherein,  by  the  eftimate  of  a very  experienced 
refiner,  there  might  be  about  a third  part  of  gold  ; yet  the  yellow  colour 
of  that  metal  was  fo  hid,  that  the  whole  mafs  appeared  to  be  filver ; and, 
when  rubbed  upon  the  touch-ftone,  ’twas  not  eafily  diltinguiffied  from  the 
touch  of  common  filver  : tho’  if  1 put  a little  Aquafortis , upon  any  part 
of  the  white  furface  it  had  given  the  touch-fione,  the  filver,  in  the  moiften- 
ed  part,  being  immediately  taken  up,  and  conceal’d  by  the  liquor,  the 
golden  particles  would  prefently  difclofe  themfelves,  and  look  as  if  pure 
gold  alone  had  been  rubbed  upon  the  done. 


15.  Having 
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15.  Having  (craped  a piece  of  black  horn,  with  a piece  of  glafs,  into  Physics. 
many  thin  curled  fhavings,  and  laid  a quantity  of  them  together  ; I found,  L/YV' 
that  the  heap  they  compofed,  was  white  : and  tho’  if  I laid  it  on  a clean 

piece  of  whitepaper,  its  colour  feem’d  fomewhat  eclipfed  by  the  greater 
whitenefs  of  that  body  ; yet  if  I laid  it  upon  any  thing  very  black,  it  ap- 
peared to  be  of  a good  white.  This  eafy  experiment  feems  very  oppofite  Coiours  detend 
to  their  dodtrine,  who  would  have  colours  flow  from  the  fubftantial  forms  uot  0n  thefub - 
of  bodies-,  and  thatof  the  chymifts  alfo,  who  afcribe  them  to  one,  or  fi  anti al forms 
other,  of  the  three  hypoftatical  principles  : for  tho’,  in  our  cafe,  there  °f  b°dies- 
was  fo  great  a change  made,  that  the  fame  body,  without  being,  fub- 
ftancially , either  increas’d,  or  leflfen’d,  paflfes  immediately  from  one  ex- 
treme colour  to  another,  even  from  black  to  white  yet  this  fo  great  and 
fudden  change,  is  effected  by  a flight  mechanical  tranfpofltion  of  parts  ; 
there  being  no  fait,  lulphur,  or  mercury,  added,  or  taken  away  ; nor 
any  fubflantial  form  generated,  anddeftroyed;  the  effect  proceeding  only 
from  a local  motion  of  the  parts:  which  fo  vary’d  their  pofition,  as  to 
multiply  their  diftindt  furfaces,  and  qualify  them  to  refledt  far  more  light 
to  the  eye,  than  they  could  before  they  were  fcraped  off*  from  the  entire 
body  of  the  black  horn. 

16.  The  chymifts,  we  know,  ufuaily  afiign,  for  the  caufe  of  black-  The  chemical 
nefs,  the  fuliginous  fteams  of  aduft  fulphur  but  many  of  the  preceding  dy^^eerfcon, 
experiments  will  abundantly  confute  this  dodlrine.  If  they  here  mean  the foted*  * 
fumes  of  common  fulphur,  ’tis  proper  to  remind  them,  that  fufion,  or 
fublimation,  does  not  turn  that  fubftance  black  ; but  it  thereby  becdsues 

rather  more  or  lefs  white  ; and,  when  fired,  it  affords  fo  little  foot,  as 
fcarce,  in  any  degree,  to  blacken  white  paper ; but  the  fmoke  of  it  rather 
blanches  linen,  and  turns  red  rofes  pale.  Befldes,  1 have  feen  a fixed 
kind  of  fulphur  kept,  for  many  weeks  together,  in  a very  violent  fire, 
that  did  not,  when  cool’d,  appear  black,  but  of  a true  red.  If,  by  ful- 
phur, they  mean  the  fulphureous  principle  ; upon  this  fuppofltion,  torri- 
fy’d  fulphur  fhould  afford  more  blacknefs,  than  moft  other  concretes  ; 
wherein  that  principle  is  fuppofed  more  deficient.  Yet  fpirit  of  wine,  tho* 
totally  inflammable,  will  not,  by  burning,  difcolour  white  paper,  held 
over  it;  and  the  fmoke  of  our  Hinb y coals  has  been  found,  rather  to 
blanch,  than  blacken  linen.  To  thefe  particulars,  many  others,  of  the 
fame  kind,  might  be  added ; but  we  need  only  look  back,  for  further  fa- 
tisfacftion,  to  our  way  of  making  black  inks,  from  fubftances  of  different 
colours ; for  how  can  it  be  faid,  that,  when  the  component  liquors  thereof 
are  put  together,  a&ually  cold,  and  continue  fo,  after  their  mixture, 
there  intervenes  any  new  aduftion  of  fulphur,  to  produce  the  emergent 
blacknefs  ? And  when,  by  inftilling  a few  drops  of  oil  of  vitriol, 

&c.  the  blacknefs,  produced  in  thofe  experiments,  is  prefently  deftroy’d  ; 
if  the  colour  proceeded  only  from  the  fulphureous  parts,  torrify’d, 
in  the  black  bodies,  I demand,  what  becomes  of  them,  when  the  co- 
lour fo  fuddenly  difappears?  for  it  cannot  reafonably  be  faid,  that  all 
thofe  which  fufficed  to  make  fo  great  a quantity  of  black  matter,  fhould 
Vol.  II.  H refort 
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refort  to  fo  very  fmall  a proportion  of  the  clarifying  liquor,  and  be  dilu- 
ted by  it,  without  giving  it  any  blacknefs.  And  if  it  be  faid,  that  the  in- 
ftilled  liquor  difperfed  thofe  black  corpufcles  ; 1 demand  how  that  difper- 
fion  comes  to  deftroy  their  blacknefs,  but  by  fuch  a local  motion  of  their 
parts,  as  deftroys  their  former  texture  ? This  may  be  a matter  of  fuch 
moment,  in  cafes  like  ours,  that  I remember  I have,  in  a few  hours,  with- 
out addition,  from  foot  itfelf,  obtain’d  a large  quantity  of  cryftalline  fair, 
and  of  a tranfparent  liquor ; yet  this  black  fubftance  had  its  colour  fo  al- 
tered, by  the  change  of  its  texture  from  the  fire  wherewith  it  was  diftillcd, 
that  it  did,  for  a great  while,  afford  fuch  plentyt)f  very  white  exhalations, 
that  the  receiver,  tho* **  large,  feem’d  to  be  almofl  fill’d  with  milk.  Se- 
condly, But  were  it  granted,  as  it  is  in  fome  cafes  not  improbable,  that 
bodies  may  receive  a blacknefs  from  a footy  exhalation,  occafion’d  by  the 
aduftion  of  their  fulphur,  or  oily  parts  *,  yet  this  is  applicable  only  to 
fome  particular  bodies,  and  will  afford  us  no  general  theory  of  blacknefs. 
For  if,  for  example,  white  hart’s-horn,  included  in  velfels  well  luted  to 
each  other,  and  expofed  to  the  fire,  be  faid  to  turn  black,  by  the  infe<5tion 
of  its  own  fmoke  ; I think  I may  juftly  demand,  what  makes  the  fmoke, 
or  foot  itfelf,  black,  fince  no  fuch  colour  appeared  before  in  the  hart’s- 
horn?  And,  with  the  fame  reafon,  when  we  are  told,  that  torrify’d  ful- 
phur makes  bodies  black  *,  1 defire  to  be  told  alfo,  why  torrifaftion  makes 
fulphur  itfelf  black?  Nor  will  there  be  any  fatisfadfory  reafon  affigned 
of  thefe  queries,  without  taking  in  thofe  intelligible  mechanical  prin- 
ciptes  of  the  pofition  and  texture  of  the  minute  parts  of  the  body,, 
with  regard  to  the  light  and  the  eye  ; which  may  ferve  the  turn, 
in  many  cafes,  where  the  aduftion  of  fulphur  cannot  be  pretended ; 
as  in  the  apparent  blacknefs  of  an  open  window,  view’d  at  a difiance, 
i£c.  in  which,  and  many  other  cafes,  formerly  alledged,  there  appears 
nothing  requifite  to  the  production  of  blacknefs,  but  a prevention  of 
the  incident  rays  of  light,  from  being  plentifully  enough  reflected  to  the 
eye.*  In  fhort,  the  doCtrine  I here  oppofe,  is  pleaded  for,  as  chymifts 
commonly  argue  about  qualities  ; who  content  themfelves  to  fay  in 


* For  the  production  of  black.  Sir  Ifaac 
Newton  obferves,  that  “ the  corpufcles  of 
“ the  body  muft  be  much  lefs  than  any  of 
“ thofe  which  exhibit  colours.  For  at  all 

**  greater  fizes,'  there  is  too  much  light  re- 
“ fleCted , to  conititute  blacknefs.  And 
from  hence,  fays  he,  may  be  underflood, 
“ why  fire,  and  the  more  fubtile  diflblver, 
**  putrefaftion,  by  dividing  the  particles  of 
“ fubftances,  turn  them  to  black ; why 
“ fmall  quantities  of  black  fubftances  impart 
44  their  colour  very  freely,  and  intenfely,  to 
“ other  fubftances,  to  which  they  are  ap- 
plied;  the  minute  particles  of  thefe,  by 


“ reafon  of  their  very  great  number,  ea- 
“ lily  overfpreading  the  grofs  particles  of 
“ others;  why  glafs,  ground  very  elabo- 
“ rately  with  fand,  on  a copper-plate,  till 
“ it  be  well  polifhed,  makes  the  fand,  to- 
“ gether  with  what  is  worn  off  from  the 
“ glafs  and  copper,  become  very  black  ; 
“ why  black  fubftances  do  fooneft,  of  all 
“ others,  become  hot  in  the  fun’s  light,  and 
“ burn  ; confidering  the  multitude  of  re- 
“ fractions  in  a little  room,  and  the  eafy 
“ commotion  of  fuch  very  fmall  corpuf- 
“ clas,  £?V.”  See  Newton.  Optic,  p.  235. 
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what  ingredient  of  a mixed  body  a particular  quality  refides,  inftead  of  Physics. 
explaining  its  nature. 

SECT.  III. 

I Here  propofe  to  throw  together  the  mifcellaneous  experiments  I have 
made,  with  relation  to  colours. 

I know  of  no  way  more  likely  to  convince  the  generality  of  men,  how  Many  changes 
great  a fhare  the  variable  texture  of  bodies  may  have,  in  making  them  ap-  °f  colour  pro- 
pear  of  differing  colours,  than  by  (hewing  how  the  addition  of  a fingle^f 
ingredient,  that  either  is  colourlefs,  or  at  lead  has  not  any  of  the  colours*^  * 
to  be  produced,  is  immediately  able,  by  introducing  a fecret  change  of 
texture,  to  make  the  body  ’tis  put  to,  appear  fometimes  of  one  colour, 
lbmetimes  of  another  \ according  as  the  parts  of  the  body  wrought  upon, 
are  difpofed  to  receive  fuch  a change,  as  modifies  the  incident  rays  of  light, 
after  the  manner  requifite  to  make  them  exhibit  a blue,  a green,  a red,  or 
fome  other  particular  colour. 

For  this  end,  I made  choice  of  the  fpirit  of  fait,  as  that  which  is  very 
fimple  ; and  which,  if  it  be  not  too  highly  rectified,  may  be  had  clear, 
and  colourlefs.  With  this  fpirit,  I proceeded  to  make  the  following  ex- 
periments, upon  feveral  bodies,  whofe  differing  textures  feem’d  to  fit  them 
for  my  purpofe. 

i.  Some  drops  of  well-coloured  fyrup  of  violets,  being  let  fall  together 
upon  a piece  of  white  paper  *,  if  a third,  or  fourth  part  fo  much  fpirit  of 
fait  be  mixed  with  them,  the  fyrup  will  prefently  become  of  a red  colour, 
ufually  inclining  to  purple. 

2.  But  if  the  liquor  to  be  adled  on,  be  otherwife  difpofed,  ’tis  pofilble, 
with  fpirit  of  fait,  to  turn  it  from  a blue  colour,  not  to  a red,  but  to  a 
green  ; as  I have  fometimes  done,  by  letting  fall  into  a deep  folution  of  fi- 
lings of  copper,  made  with  an  urinous  fpirit,  as  that  of  fal-armoniac,  juft 
as  many  drops  of  fpirit  of  fait,  as  were  requifite  to  produce  the  change  in- 
tended. A very  fmall  error,  either  in  excefs,  or  defedb,  may  leave  the 
mixture  ftill  bine,  or  bring  it  to  be  colourlefs. 

3.  Upon  a few  drops  of  good  fyrup  of  violets,  let  fall  two  or  three 
drops  of  good  fpirit  of  urine,  hart’s-horn,  or  the  like  \ and  when,  by 
mixing  them  well,  the  fyrup  has  acquired  a fine  green  colour  *,  by  putting 
to  it  a little  of  the  fpirit  of  fait,  and  ftirring  it,  you  may  turn  the  green 
fyrup  into  a red. 

4.  If  you  put  a quantity  of  red  rofe-leaves,  well  dried,  into  a glafs  vial, 
almoftfullof  fair  water  *,  and,  foon  after,  put  to  them  as  much  fpirit  of 
fait  as  will  make  the  water  pretty  fharp  ; you  will  quickly  fee,  both  that 
liquor,  and  the  contained  leaves,  brought  to  a fine  lovely  red,  which  they 
will  long  retain.  The  like  effedt  fpirit  of  fait  will  have  on  fome  other  ve- 
getables of  aftiptic,  or  of  an  aftringent  nature. 

5.  But  if,  by  infufing  brazil-wood  in  fair  water,  you  make  a tindfureof 
it,  which  you  may  much  deepen,  by  dropping  into  it  a little  fpirit  of  hart’s- 
horn,  or  of  urine  ; and  you  then  put  to  it  a little  fpirit  of  fait,  it  will  pre- 
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Physics,  fently  change  from  a deep  reddifh  colour,  to  a colour  far  more*  pale,  or 
L/W  rather  yellow  ; fo  that  the  fame  fpirit  acfting  upon  two  vegetable  tindtures, 
differently  difpofed,  draws  out,  and  heightens  rednefs  in  the  one,  and 
deftroys  it  in  the  other. 

6.  If  you  make  an  infufion  of  true  Lignum  Nephriticum , in  fpring  water, 
it  will  appear  of  a deep  colour,  like  that  of  an  orange,  when  you  place  the 
vial  between  the  window  and  your  eye  ; and  of  a fine  deep  blue,  when 
you  look  on  it  with  your  eye  placed  between  it  and  the  window  : but  if 
you  fhake  into  this  liquor  a few  drops  of  fpirit  of  fait,  the  blue  colour 
will  prefently  vanifh,  and  appear  no  more,  in  what  light  foever  you  view 
the  vial  *,  tho’  the  liquor  will  kill  retain  the  orange-colour. 

7.  We  took  common  writing  ink,  and  having  let  fall  leveral  drops  of  it 
upon  a piece  of  whitepaper-,  fo  that,  when  it  grew  dry  in  the  air,  fome 
parts  of  the  ink  lay  thick,  and  fome  thinner,  upon  the  paper,  whereon  it 
fpread  itfelf:  we  then  put  a few  drops  of  ftrong  fpirit  of  fait,  fome  on  one 
part  of  the  black’d  paper,  and  fome  on  another;  and  obferved,  that  in 
thofe  places,  where  the  fpirit  had  been  put,  or  to  which  it  reached,  the 
blacknefswas  quite  deftroyed,  and  was  fucceeded  by  an  unpleafant  kind  of 
colour,  that  feem’d,  for  the  moft  part,  to  participate  of  yellow  and  blue, 
neither  of  them  good  in  kind. 

8.  If  in  fpirit  of  fait,  you  difiolve  filings  of  fteel,  and  (lowly  evaporate 
the  filtred  folution,  it  will  flioot  into  a kind  of  Vitriolum  Martis , which  ap- 
pears green,  as  well  as  that  which  chymifts  vulgarly  make  with  oil  cf 
vitriol.  And  if  you  take  thefe  cryftals,  made  with  fpirit  of  fait,  and, 
when  they  are  dry,  keep  them  in  a crucible  ; you  will  find,  that  even  a 
moderate  fire,  if  duly  apply’d,  will  make  them,  in  a fliort  time,  exchange 
their  green  colour  for  a red,  like  that  of  the  finer  fort  of  Crocus  Mar  list 
as,  indeed,  this  operation  makes  them  referable  to  that  fort  of  medicine. 

9.  We  took  fome  mercury,  precipitat z<\pcrfe\  and  tho’  crude  mercury 
is  not,  as  far  as  I have  tried,  foluble  in  our  Englifh  fpirit  of  fait  ; yet  this 
red  precipitate  readily  difiolved  in  that  liquor,  without  at  all  imparting 
its  own  colour  to  it.  I alfo  found,  that  red  lead,  being  boil’d  a while  in 
good  fpirit  of  fait,  the  rednefs  totally  difappear’d.  So  that  the  fame  agent 
which  produces  rednefs  in  feveral  bodies,  in  our  two  cafes  quite  abolifh’d 
it.  Thus  alfo,  the  reddeft  coral  being  difiolved  in  our  menftruum,  the 
rednefs  vanifhes,  and  the  folution  appears  colourlefs. 

10.  Take  fmall  filings  of  copper,  and  having  poured  thereon  good  fpirit 
of  fait,  till  it  fwim,  about  two  fingers  breadth  over  them  ; keep  the  vial  in 
a pretty  ftrong  fand-heat,  till  you  perceive  the  menftruum  has  difiolved  a 
competent  part  of  the  metal  : then  warily  take  out  the  vial,  and  holding 
it  between  your  eye  and  the  light,  you  will  perceive  the  folution  of  copper 
to  be  of  a dark  and  troubled  colour,  often  inclining  to  a deep,  but 
muddy  red. 

11.  But  if  you  pour  this  folution  into  a wide*  mouth’d  glafs,  and  let  it 
Hand  for  a competent  time,  the  expofed  liquor  will  appear  of  a green, 
much  finer  than  that  of  the  cryftals  of  iron. 
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12.  Take  the  clear  limpid  folution  of  filver,  or  of  mercury,  made  in 
Aquafortis , and  drop  upon  it  fome  fpirit  of  fait  ; and  you  will  find  the 
clear  liquor  turn’d  white  as  milk,  which,  after  a while,  will  let  fall  a 
precipitate  of  the  fame  colour. 

13.  And  if,  inftead  of  a folution  of  filver,  or  quick-filver,  you  take 
a red  folution,  or  tin&ure,  of  benjamin,  or  of  the  refinous  part  of  jalap 
root ; you’ll  alfo  have,  upon  the  affufion  of  fpirit  of  fait,  a white  liquor, 
and  a precipitate  of  the  fame  colour. 

14.  Being  defirous  to  produce  two  differing  colours  at  once,  by  the 
fame  affufion  of  fpirit  of  lalt ; I infufed  fome  dry’d  red  rofe-leaves  in  fair 
water,  till  it  had  acquired  a deep  colour  from  them : to  this  infufion, 
poured  oft  warily,  that  it  might  be  clear,  I added  a confiderable  propor- 
tion of  the  fweet liquor,  made  by  digeffing  fpirit  of  vinegar  upon  red 
lead  ; by  which  I knew  ’twould  be  turn’d  of  a bluifh  green.  Upon  this 
almoft  opake  liquor,  I pour’d  fpirit  of  fait,  which  precipitated  the  lead 
that  had  been  diffolved  in  the  fweet  liquor,  into  a very  white  powder, 
and  gave  the  remaining  liquor,  well  impregnated  with  particles  of  the 
rofe-leaves,  a very  fine  and  durable  fcarlet  colour.  And  if  the  experi- 
ment be  well  made,  you  may  barely,  by  fhaking  together,  and  confound- 
ing the  white  powder  with  the  red  liquor,  make  a carnation-colour, 
which  will  appear  very  fine  and  lovely,  whilft  it  lafls  ; but,  in  no  long 
time,  the  two  fubftances  that  compofe  it,  feparate,  by  degrees,  and  ap- 
pear each  in  its  former  place  and  colour. 

15.  We  took  fome  fpirit  of  fait,  that,  having  laid  long  upon  filings  of 
copper,  had  loft  the  muddy  tin<5ture  it  firft  acquired,  by  being  almoft 
boil’d  upon  them.  This  liquor,  that  look’d  like  common  water,  we 
pour’d  into  a fmall  wide-mouth’d  cryftal  glafs,  and  leaving  it  in  a win- 
dow, it  appeared,  in  forty  minutes,  to  have  acquired  a colour,  much  like 
that  of  a German  amethyft  ; and  feem’d  to  have  no  tendency  to  greennefs. 
But  in  about  three  hours  time,  it  appear’d  of  a lovely  green. 

16.  Precipitate  a ftrong  folution  of  fublimate  made  in  fair  water,  with  a 
fufficient  quantity  of  oil  of  tartar,  -per  deliquium  \ put  the  liquor  and  pow- 
der into  a filtre  of  cap-paper,  and  when  the  water  is  run  thorough,  the 
precipitate  will  remain  in  the  filtre  ; which  is  to  be  flowly  dry’d.  Then 
take  it  out  of  the  filtre,  in  the  form  of  a grofs  powder,  and  having  put  it 
into  a clear  glafs,  let  fall  on  it,  warily,  fome  drops  of  ftrong  fpirit  of 
fait  ; and,  during  the  conflidt  that  will  be  made,  the  little  lumps  of  the 
precipitate  wiil  lofe  all  their  former  brick-duft  colour,  and  turn  white; 
tho’  afterwards  they  will  appear  diffolved  into  a tranfparent  liquor,  wherein 
the  orange-colour  is  quite  abolifhed. 

1 7.  Having  calcined  copper,  without  any  addition,  butof  fireand  water ; 

we  took  a quantity  of  it,  and  having  poured  thereon  about  three  or  four 
times  its  quantity  of  good  fpirit  of  fait,  we  obtain’d  a muddy  reddifh 
liquor,  and  a white  powder,  whofe  quantity  bore  a confiderable  pro- 
portion to  the  part  that  was  diffolved  ; in  which  part  itfelf,  by  the  affu- 
fion of  common  water,  and  the  adlion  of  the  air,  we  afterwards  pro- 
duced more  than  one  change  of  colour.  18.  We 
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Physics.  18.  We  fometimes  took  a fpoonful  of  the  dark  brown,  or  fomewhat 
reddifh  folution  of  copper  ; and  having  put  it  into  a cylindrical  vial,  that 
the  change  of  colour  might  appear  the  better,  we  poured  on  it  two  or 
three  fpoons-ful  of  highly  redtify’d  vinous  fpirit ; and  giving  the  glafs  a 
fhake,  to  mingle  them,  we  prefently  had  a lovely  green  liquor  ; which, 
when  well  fettled,  was  very  fair,  and  look’d  as  if  it  were  a liquid 
emerald. 

19.  Having  moiden’d  a fmall  part  of  fome  green  taffaty-ribband,  twice 
or  thrice,  with  good  fpirit  of  fait,  we  differ’d  it  to  dry  of  itfelf,  which  it 
did  in  a fhort  time ; and  then  found,  that  the  part  wetted  was  no  longer 
of  a green,  but  a blue  colour.  The  fame  fpirit  prefently  turn’d  that  part 
of  a piece  of  black  ribband,  upon  which  we  put  two  or  three  drops  of  it, 
to  a colour  not  unlike  what  is  call’d  Fueille  morte . 

20.  ’Tis  ufual  to  fee  books  covered  with  paper,  that  looks  fometimes  of 
a greenifh  blue  colour,  bordering  upon  purple  ; and  fometimes  upon  that 
of  violets.  The  deeper  coloured  paper  of  this  fort,  I have  feveral  times 
held  in  one  hand,  and  with  the  other  lightly  touched  it  here  and  there  with 
the  end  of  a feather,  dipped  in  fpirit  of  fait  *,  which  almoft  in  the  twink- 
ling of  an  eye,  dy’d  the  touched  parts  of  the  paper  of  a lovely  red,  that 
would  fometimes  long  continue  very  vivid.  And  if,  inltead  of  a feather, 
I ufed  a brufh,  dipt  in  the  faline  fpirit,  and  made  many  drops  at  once  fall 
upon  the  paper ; ’twas  pleafant  to  fee  how  fuddenly  it  would  be  fpeck- 
led. 

21.  Upon  well-powdered  antimony,  we  pour’d  three  or  four  times  its 
weight  of  good  fpirit  of  fait  ; and  caufed  it  to  be  boiled  in  this  liquor, 
in  a glafs  veffel,  wherein  a part  of  it  was  diffolved,  and  taken  up  into 
the  menftruum  *,  when  the  antimony  quite  loft  its  blacknefs.  And  this 
fpirit  of  fait,  thus  impregnated,  being  dropped  into  fair  water,  the  black 
mineral  immediately  fubfided,  in  the  form  of  a very  white  powder  or  pre- 
cipitate. 

Hence,  by  the  way,  it  were  notamifs,  if  phyficians,  chymifts,  &c. 
who  compound  drugs,  or  other  ingredients,  would  be  lefs  forward 
than  they  ufually  are,  to  jumble  feveral  of  them  together  either  unne- 
ceffarily,  or  without  a due  regard  to  their  qualities,  in  refpedt  of  one 
another.  For  moft  of  us  are  but  too  liable  to  be  miftaken,  when  we 
prefume  before-hand  to  fay  what  changes  the  coalition,  or  other  aflocia- 
tions  of  differing  bodies  fhall  produce  *,  efpecially  if  they  be  either  faline, 
or  plentifully  partake  of  a faline  nature  : fince  experience  frequently 
fhews,  that  by  the  adtion  and  re-adlion  confequent  upon  untry’d  ways  of 
compofition,  there  arife  in  the  mixture  new  and  unlook’d-for  confidences 
and  other  qualities  or  accidents.  And  tho’  it  may  fometimes  happen, 
that  thefe  new  qualities  ihall  prove  advantageous,  yet  this  may  well  be 
look’d  upon  but  as  a lucky  chance  ; and  it  may  dill  be  judly  fear’d, 
that,  ordinarily,  fuch  accidental  qualities  of  a medicine  will  prove  to  be 
either  worfe  than  were  expedted,  or  at  lead  different  from  what  was  de- 
iign’d,  and  conlequently  lefs  fit  for  the  phyficians  or  the  artifts  purpofe. 

1 1 . Oftob. 


upon  Colours. 

1.  Ociob.  ir.  About  ten  in  the  morning,  the  weather  being  fun-fhiny,  Physics. 
we  took  feveral  forts  of  ftain’d  paper,  fome  of  one  colour,  and  fome  of 
another,  and  in  a darkned  room,  vvhofe  window  look’d  fouthward,  we  ^\t\\ExPeri.ments 
them  call  the  beams  that  enter’d  at  a hole  about  three  inches  and  a half 
diameter,  upon  a white  wall  that  ftood  on  one  fide,  about  five  foot  diftance 

from  them.  The  white  gave  much  the  brighteft  refle&ion.  The  green, 
red,  and  blue  being  compared  together,  the  red  gave  much  the  ftrongeft 
reflection,  and  manifeftly  threw  its  colour  upon  the  wall  ; the  green  and 
blue  were  fcarce  difcernible  by  their  colours,  and  feem’d  to  refleCt  an  al- 
moft  equal  light.  The  yellow,  compared  with  the  two  laft,  reflected  fome- 
what  more  light.  The  red  and  purple  being  compared  together,  the  for- 
mer manifeftly  reflected  much  more  light  than  the  latter.  The  blue  and 
purple  compared  together,  the  former  feem’d  to  refled  fomewhat  the 
more  light,  tho’  the  purple  colour  was  moft  vifible.  A fheet  of  very  well 
fleek’d  marbled  paper  being  apply’d  as  the  others,  did  not  caft  any  of  its 
diftind  colours  upon  the  wall,  nor  throw  its  light  with  an  equal  diffufion 
thereon  ; but  fent  the  beams  unftain’d  and  bright  to  particular  parts  there- 
of, as  if  its  poiifh  had  given  it  the  nature  of  a fpeculum.  But  comparing 
it  with  a fheet  of  white  paper,  we  found  the  refledion  of  the  latter  to  be 
much  the  ftronger  ; this  diffufing  almoft  as  much  light  to  a confiderable 
extent,  as  the  marble  paper  did  to  one  part  of  the  wall.  The  green  and 
purple  left  us  fomewhat  in  fufpence  which  refleded  the  moft  light  •,  only 
the  purple  feem’d  to  have  fome  little  advantage  over  the  green,  which  was 
dark  in  its  kind. 

2.  Though  a darken’d  room  be  generally  thought  requifite  to  make  the 
colour  of  one  body  appear  by  refledion  from  another  that  is  not  fuppofed 
to  ad  as  a fpeculum  ; yet  I have  often  obferv’d,  that  when  I wore  waft- 
coats  lined  with  filk  that  was  very  glofly  and  vividly  colour’d,  but  efpe* 
cially  if  red,  I could  in  an  enlighten’d  room  plainly  difcern  the  colour  up- 
on the  pure  linen  that  came  out  at  my  fleeve  ; as  if  that  fine  white  body 
were^more  of  a mirror  than  colour’d  and  unpolifh’d  bodies  are  ufually  fup- 

3.  Holding  ftain’d  fheets  of  paper,  fometimes  one,  and  fometimes  ano- 
ther, before  the  hole  of  the  window  in  the  darken’d  room,  betwixt  the 
fun  and  the  eye,  with  the  colour’d  fides  obverted  to  the  fun,  we  found 
them  fingly  to  be  fomewhat  tranfparent,  and  to  appear  of  the  fame  colour 
as  before,  only  a little  alter’d  by  the  great  light  they  were  placed  in  : but 
applying  two  of  them  one  over  another  to  the  hole,  the  colours  were  com- 
pounded as  follows : The  blue  and  yellow  fcarce  exhibited  any  thing  but 
a darker  yellow,  which  we  afcribed  to  the  coarfenefs  of  the  blue  paper, 
and  its  darknefs  in  its  kind.  For  applying  the  blue  parts  of  the  marbled 
paper  with  the  yellow  paper  after  the  fame  manner,  they  exhibited  a 
good  green.  The  yellow  and  red  look’d  upon  together,  gave  us  but  a 
dark^  red,  a little  inclining  to  an  orange- colour.  The  purple  and  red 
view  d together,  appear’d  more  deeply  fcarlet.  The  purple  and  yellow 
made  an  orange.  The  green  and  red  made  a dark  orange-tawny.  The 

green 
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Physics,  green  and  puple  made  the  purple  appear  more  dirty.  The  blue  and  pur- 
pie  made  the  purple  more  delightful,  and  far  more  deep.  The  red  parts 
of  the  marbled  paper  view’d  with  the  yellow,  appear’d  of  a red,  far  more 
_like  fcarlet,  than  without  it.  But  the  finenefs  or  coarfenefs  of  the  paper, 
its  being  carefully  or  (lightly  colour’d,  with  many  other  circumftances, 
may  fo  vary  the  events  of  fuch  experiments,  that  they  ought  to  be  care- 
fully repeated,  before  any  conclufion  is  drawn  from  them. 

4.  The  triangular  prifmatic  glafs  being  a very  commodious  inftrument 
to  (hew  the  nature  of  colours,  we  thought  proper  to  obferve  the  feveral 
reflections  and  refractions  which  the  rays  of  light  undergo  in  falling  upon 
or  pacing  through  it.  And  this  we  imagined  might  be  belt  done,  no:  in 
an  ordinary  enlighten’d  room,  where  even  the  curious  have  left  particulars 
unregarded  ; but  in  a darken’d  one,  where,  by  placing  the  glafs  in  a 
convenient  pofture,  the  various  reflections  and  refractions  may  be  diftinCt- 
ly  obferv’d  ; and  where  it  may  appear  what  rays  are  untinged,  and  which 
they  are  that  paint  upon  the  bodies  whereby  they  are  ftopt,  either  the 
primary  or  fecondary  iris.  Inpurfuance  hereof,  we  obferv’d  in  a dar- 
ken’d room  four  reflections  and  three  refraCtions,  that  were  afforded  us 
by  the  fame  prifm.  And  notwithftanding  the  rules  of  catoptrics  and  diop- 
trics, we  thought  it  would  not  be  amifs  to  find,  by  covering  fometimes  one 
part  of  the  prifm,  and  fometimes  another,  and  obferving  where  the  light 
or  colour  vanilhed  thereon,  by  which  reflection  and  by  which  refraCtion 
each  of  the  feveral  places  where  the  light  falling,  or  palling  through  the 
prifm,  and  appearing  either  pure  or  ting’d,  gave  the  phenomena.  But  be- 
caufe  thefe  and  other  particulars  which  we  obferv’d,  would  be  tedious, 
and  not  fo  intelligible  to  deliver  in  words,  I refer  to  the  fcheme,  where 
all  of  them  may  be  taken  in  at  one  view. 

P P P an  equilatero- triangular  cryltalline  prifm,  one  of  whofe  edges  P 
is  placed  next  the  fun. 

A B and  tw^o  rays  from  the  fun  falling  on  the  prifm,  at  B £ ; and 
thence  partly  reflected  towards  C and  >,  and  partly  refraCted  towards 
D and  A 

B C £ y,  thofe  reflected  rays. 

B D and  thofe  refraCted  rays,  which  are  again  partly  refraCted  to- 
wards E and  s,  and  there  reprefent  an  iris  12345,  denoting  the  five 
fucceeding  colours,  red,  yellow,  green,  blue,  and  purple,  and  part- 
ly reflected  towards  F and  £. 

JD  and  F,  and  c thofe  reflected  rays,  which  are  partly  refraCted  to- 
wards G and  « colourlefs,  and  partly  reflected  towards  H and  0. 

F H and  £ 0,  thofe  reflected  rays,  which  are  refraCted  towards  I and  /, 
and  there  reprefent  another  fainter  iris  ; the  colours  of  which  are  con- 
trary to  the  former  54321,  fignifying  purple,  blue,  green,  yellow, 
red  ; fo  that  the  prifm  in  this  pofture  reprefents  four  rain-bows. 

5.  We  obferv’d  in  a room  not  darken’d,  that  the  prifmatic  iris  might  be 
reflected,  without  lofing  any  of  its  feveral  colours,  not  only  from  a plain 
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Jooking-glafs,  and  from  the  fmooth  furface  of  fair  water,  but  alfo  from  a Physics. 
concave  looking-glafs  ; and  that  refraction  did  as  little  deftroy  thofc  co- 
lours,  as  reflection.  For  by  the  help  of  a large  double-convex  glals, 
thro’  which  we  refraCted  the  fun’s  rays,  we  found  that  tho’  one  part  of  the 
iris  might  be  made  to  appear  either  beyond  or  on  this  fide  of  the  other 
parts  thereof;  yet  the  fame  vivid  colours  would  appear  in  the  diforder’d 
part  as  in  the  other.  And  by  covering  that  fide  of  the  prifm  obverted  to 
the  fun,  with  an  opake  body,  wherein  only  one  fmall  hole  was  left  for  the 
light  to  pafs  thro’,  having  reduced  the  prifmatic  iris,  caft  upon  white  pa- 
per, into  a very  narrow  compafs,  and  view’d  it  thro’  a microfcope,  the 
colours  appear’d  the  fame,  as  to  kind,  they  did  to  the  naked  eye.* 

6.  It  may  afford  matter  of  fpeculation,  that  as  the  colours  of  out- 
ward objects  brought  into  a darken’d  room,  fo  greatly  depend,  in  their 
vifibility,  upon  the  dimnefs  of  the  light  they  are  there  beheld  by,  that  the 
ordinary  light  of  the  day  being  freely  let  in  upon  them,  they  immediately 
disappear;  fo  our  experiments  have  fhewn,  that  as  to  the  prifmatic  iris, 
painted  on  the  floor  by  the  beams  of  the  fun  pafling  thro’  a triangular 
glafs,  tho’  the  colours  of  it  appear  very  vivid,  even  at  noon-day  and  in 
fun-fhiny  weather,  yet  by  a more  powerful  light  they  may  be  made  to  dif- 
appear.  For  having  fometimes  taken  a large  metalline  concave  fpeculum, 
and  therewith  cafl  the  converging  beams  of  the  fun  upon  a prifmatic  iris, 
which  I had  caufed  to  be  projeCled  upon  the  floor ; I found  that  the  over- 
powerful light  made  the  colours  of  the  iris  vanifh  : and  if  the  light  were 
fo  reflected  as  to  crofs  but  the  middle  of  the  iris,  the  colours  in  that  part 

only 


* The  more  general  phenomena  of  the 
prifm,  as  obferv’d  by  the  illuftrious  Sir  Ifaac 
Newton , are,  in  fhort,  as  follow. 

1.  The  rays  of  light  pafling  thro1  the 
prifm,  paint  an  image  of  various  colours  on 
the  oppofite  wall ; the  principal  whereof 
are  red,  yellow,  green,  blue,  and  violet. 

2.  This  image  is  not  round,  but  the  angle  • 

of  the  prifm  being  of  60  or  65  degrees,  a- 
bout  five  times  longer  than  ’tis  broad ; the 
reafon  whereof  was  unknown,  till  §\x  Ifaac 
Newton  found  it  owing  to  the  different  re- 
frangibility  of  the  rays.  See  Pbilof.  Tran- 
fa£l.  N°  80.  ' 

3.  The  rays  which  exhibit  the  yellow 
colour,  are  turn’d  more  out  of  their  (trait 
courfe,  than  thofe  which  make  the  red; 
thofe  which  make  the  green,  more  than 
thofe  which  make  the  yellow,  &c.  and 
thofe  which  make  the  violet,  moil  of  all. 

4.  If  the  prifm  thro’  which  the  rays  are 
tranfmitted,  be  turn’d  about  its  axis,  fo  that 
the  red  rays,  the  yellow,  the  green,  C5V. 
may  fall  thro’  a fmall  hole,  in  order,  upon 
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another  prifm,  placed  about  twelve  feet 
from  the  former,  and  be  thrown  to  another 
part  of  the  room,  the  yellow  rays,  for 
inftance,  tho’  they  fall  in  the  fame  manner 
upon  the  fecond  prifm  with  the  red,  yet 
will  not  be  thrown  to  the  fame  place,  but 
beyond  them.  And  if  at  the  place  of 
the  fecond  prifm,  they  be  collected  by 
a lens,  the  yellow  rays,  the  green,  &c. 
will  each  in  their  order,  be  thrown  to 
a focus  at  a (horter  diftance  than  the 
red. 

5.  The  colours  of  the  coloured  rays, 
when  well  feparated,  can  neither  be  de- 
(troy’d,  nor  in  any  manner  changed  by  new 
refractions. 

6.  The  colours  of  the  coloured  rays  re- 
main unchanged  in  pafling  thro’  an  enlight- 
en’d fpace,  in  mutually  croffmg  each  other, 
in  the  confine  of  lhadow,  and  in  being  re- 
flected from  any  natural  bodies  in  a place  o- 
therwife  dark. 

7.  All  the  coloured  rays  collected  to- 
gether by  feveral  prifms,  by  a glafs  lens, 
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Ph  ysics.  only  became  invifible  ; thofe  parts  of  the  iris  that  were  on  the  right  hand 
L/Tv  and  on  the  left  of  the  reflected  light,  continuing  to  exhibit  the  lame  co- 
lours as  before. 

Objea-  view'd  y.  I have  fometimes  thought  it  worth  while  to  take  notice,  whether  the 
^indsofT  J C0‘0lirs  °Pak-e  bodies  might  not  appear  to  the  eye  fomewhat  diverfify’d, 
in  s oj  ^ /'aSwell  by  the  nature  of  the  lucid  body  that  fhines  upon  them,  as  by  the 
difpofition  of  the  fuperficial  parts  of  the  bodies  themfelves,  and  the  por- 
tion of  the  eye  with  regard  to  the  object  and  the  light : I have  obferv’d  a 
manifeft  difference  in  fome  kinds  of  colour’d  bodies  view’d  by  day-light, 
and  afterwards  by  the  light  of  the  moon.  Several  Iheets  of  the  colour’d 
paper  that  had  been  view’d  in  the  fun-lhine,  being  look’d  upon  at  night 
by  the  light  of  a pretty  large  candle,  the  changes  obferv’d  therein  were 
thefe.  The  yellow  feem’d  much  fainter  than  in  the  day,  and  inclinable  to* 
a pale  ftraw-colour.  The  red  feem’d  little  chang’d,  but  reflected  light 
more  llrongly  than  the  other  colours.  A fair  deep  green  look’d  upon  by 
itfelf,  feem’d  to  be  a dark  blue  ; but  view’d  together  with  a dark  blue, 
appear’d  greenifh  ; and  compared  with  a yellow,  appear’d  more  blue  than 
at  firft.  The  blue  look’d  more  like  a deep  purple  or  murrey,  than  it  had 
done  in  the  day-light.  The  purple  feem’d  very  little  alter’d.  The  red 
compared  with  the  yellow,  made  the  latter  look  almoft:  like  brown  cap- 
paper. 

8.  But  to  fatisfy  ourfelves  whether  the  light  of  the  candle  were  not 
unfincere,  or  ting’d  with  a yellow  colour  by  its  fuel;  we  took  a pretty 
thick  cylinder  ol  a deep  blue  glafs,  and  viewing  the  flame  of  the  can- 
dle at  a convenient  didance  through  it,  we  perceived  it  to  look  green, 
which  is  the  colour  that  emerges  from  the  compofnion  of  opake  bodies, 
one  of  them  feparately  blue,  and  the  other  yellow.  And  this  perhaps  may 


or  a concave  fpeculum,  or  by  any  other 
way  whatever,  make  white  ; and  being 
again  feparated  after  this  union,  every  one 
exhibits  its  own  colour. 

8.  If  the  fun’s  rays  fall  upon  the  internal 
furface  of  the  prifm  in  the  moft  oblique 
manner  that  any  rays  can  poffiblv  be  tranf- 
mitted,  thofe  reflected  will  be  violet,  and 
thofe  tranfmitted,  red. 

9.  All  natural  bodies,  efpecially  white 
ones,  view'd  thro’  a prifm,  appear  on  the 
one  hand  fringed  with  red  and  yellow;  but 
with  violet  and  blue  on  the  other. 

10.  Two  prifms  being  placed  together, 
fo  that  the  red  of  the  one  and  purple  of  the 
other  may  unite  upon  a convenient  paper 
in  the  dark,  the  image  will  appear  pale ; 
and  being  view’d  thro’  a third  prifm,  applied 
at  a due  diftance  from  the  eye,  it  will  appear 
as  to  objects,  red  and  purple. 

1 1 . In  like  manner,  if  two  powders,  a 
perfect  red  and  a perfed  blue,  be  mix’d  to- 


gether, and  laid  thick  upon  fome  minute 
body,  this  body  will  appear  double  thro’  a 
prifm,  and  of  two  colours,  red  and  blue. 
See  Clark.  Annot.  in  Robault.  Ed.  3.  p.  199. 

We  are  farther  to  confider,  that  by  other 
means,  light  is  found  to  be  a body  propaga- 
ted in  right  lines  ; and  that  it  fpends  about 
feven  or  eight  minutes  in  palling  from  the 
fun  to  the  earth.  “ This  was  firft  obferved 
“ by  Mr.  Roemer,  by  means  of  the  eclip- 
“ fes  of  the  fatellites  of  Jupiter.  For 
“ thefe  eclipfes,  when  the  earth  is  between 
“ the  fun  and  Jupiter , happen  about  feven 
“ or  eight  minutes  fooner  than  they  ought 
“ to  do  by  the  tables;  and  when  the  earth 
“ is  beyond  the  fun,  they  happen  about 
“ feven  or  eight  minutes  later  than  they 
“ ought  to  do : the  light  of  the  fatellites 
“ having  farther  to  go  in  the  latter  cafe 
“ than  in  the  former,  by  the  diameter  of 
“ the  earth’s  orbit.”  Newton . Optic . 
p.253. 
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be  the  chief  reafon  why  a fheet  of  very  white  paper,  view’d  by  candle-  Physics. 
light,  is  not  eafily,  at  firft,  diftinguifhed  from  a light  yellow,  or  lemon- 
colour  * white  bodies,  as  we  formerly  obferved,  being  more  of  a fpecular 
nature,  becaufe  tho’,  when  unpolifhed,  they  exhibit  not  the  fhape  of  the 
luminary  thatlhines  on  them  ; yet  they  refledl  its  light  more  fincereand  un- 
difturbed,  by  either  Shades  or  refraflions,  than  bodies  of  other  colours  do. 

9.  We  took  a piece  of  leaf-gold,  and  with  the  edge  of  a knife,  lightly 
moiften’d,  laid  upon  the  edge  of  the  gold,  we  fo  fatten’d  it  thereto,  that 
it  continued  extended,  like  a little  flag  *,  which,  being  held  very  near  the 
eye,  and  obverted  to  the  light,  appear’d  fo  full  of  pores,  that  it  feem’d 
to  have  fuch  a kind  of  tranfparency,  as  that  of  a fieve ; but  the  light 
which  pafied  thro’  thefe  pores  was  in  its  paflage  fo  temper’d  with  fhade, 
andmodify’d,  that  the  eye  difcerned  no  more  a golden  colour,  but  a 
greenifh  blue.  And,  for  further  fatisfadlion,  we,  in  the  night,  look’d 
upon  a candle,  thro’  fuch  a leaf  of  gold  ; and,  by  trying  the  effecft  of 
feveral  proportions  of  diftance  betwixt  the  leaf,  the  eye,  and  the  light, 
we  quickly  hit  upon  fuch  a pofition  for  the  gold,  wherein  the  flame, 
view’d  thro’  the  leaf,  appeared  of  a greenifh  blue,  as  in  the  day-time. 

But  the  like  experiment,  try’d  with  a leaf  of  fllver,  did  not  fucceed. 

10.  Druggifts  have  a wood  they  call  Lignum  Nephriticum  ; becaufe  Experiment i 
the  inhabitants  of  the  country  where  it  grows,  ufe  the  infufion  of  it, 

made  in  fair  water,  againft  the  ftone  in  the  kidneys:  and,  indeed,  an  Lignum  Ne- 
eminent  phyfician  of  my  acquaintance,  who  has  very  particularly  en-  phriticum 
quired  into  that  difeafe,  aflures  me,  he  found  fuch  an  infufion  one  of 
the  moft effectual  remedies  he  ever  try’d,  againft  that  formidable  difeafe. 

The  moft  ancient  account  I have  met  with  of  this  Ample,  is  given  us 
by  Monardes,  who  fays,  cc  We  have  a thick,  fmooth  kind  of  wood, 

brought  us  from  New  Spain , which  has  long  been  ufed  in  the  difeafes 
cc  of  the  kidneys  and  urinary  paflages.  To  prepare  a medicine  from 
cc  it,  we  fteep  its  fhavings  in  clear  water,  and  there  fuffer  them  to 
“ remain,  till  the  whole  liquor  is  drank  up  ; but  when  it  has  thus 
cc  flood  for  half  an  hour,  the  water  appears  of  a blue  colour,  which 
<e  gradually  increafes,  the  longer  the  infufion  is  continu’d  *,  tho’ the  wood 
ct  itfelf  be  white.”  This  wood  will  afford  us  an  experiment,  which,  be- 
fides  the  Angularity  of  it,  may  greatly  aflift  todifcover  the  nature  of  co- 
lours. The  experiment,  as  we  made  it,  is  this.  Take  a handful  of  the 
thin  flices  of  Lignum  Nephriticum,  and  put  them  into  two,  three,  or  four 
pound  of  the  pureft  fpring- water  ; let  them  infufe  there  for  a night,  tho’ 
a much  fhorter  time  may  fufflce  *,  decant  the  impregnated  water  into  a 
clear  glafs  vial ; and  if  you  then  hold  it  diretttly  between  the  light,  and 
your  eye,  you  will  fee  it  tinged,  (excepting  the  very  top  of  the  liquor, 
where  a sky-coloured  circle  fometimes  appears)  ofanalmoft  golden  colour, 
if  the  infufion  be  not  made  too  ftrong  of  the  wood  •,  for,  in  that  cafe,  it 
will,  againft  the  light,  appear  fomewhat  dark  and  reddifti,  and  requires 
to  be  diluted  by  the  addition  of  fair  water.  But  if  you  hold  it  from  the 
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Physics,  light,  fo  that  your  eye  be  placed  betwixt  that  and  the  vial,  the  liquor  will 
appear  of  a deep  lovely  blue  colour  ; as  will  alfo  the  drops,  if  any  lie  on 
the  outfide  of  the  glafs. 

And  thus  far  we  have  try’d  the  experiment,  and  found  it  to  fucceed, 
even  by  candle-light.  But  if  you  hold  the  vial  over-againft  your  eye,  fo 
that  it  may  have  a window  on  one  fide,  and  a dark  part  of  the  room  be- 
fore it,  on  the  other  fide  ; you  will  find  the  liquor,  partly  of  a bluifii, 
and  partly  of  a golden  colour.  And  if,  turning  your  back  towards  the 
window,  you  pour  out  fome  of  the  liquor  towards  the  light,  and  towards 
your  eye  ; it  will  feem,  upon  coming  out  of  the  glafs,  to  be  perfectly 
blue  ; but  when  it  is  fallen  down  a little  way,  the  drops  may  appear  party- 
colour’d,  according  as  the  rays  of  light  more  or  lefs  fully  penetrate,  and 
illumine  them.  If  you  take  a bafon,  about  half  full  of  water,  and  hav- 
ing placed  it  fo  in  the  fun-beams,  that  one  part  of  the  water  may  be  illu- 
mined thereby,  and  the  other  part  of  it  darken’d  by  the  lhadow  of  the 
brims  of  the  bafon;  and  then  drop  of  our  tindture , made  fomewhat 
flrong,  both  into  the  (haded  and  illuminated  parts  of  the  water,  you  may, 
by  viewing  it  from  feveral  places,  and  by  a little  agitation  of  the  water, 
obferve  many  pleafing  phenomena.  If  a little  of  this  tindlure  be  poured 
upon  a (heet  of  white  paper,  fo  that  the  liquor  may  remain  of  fome  depth 
upon  it,  you  will  perceive  the  adjacent  drops  to  be  partly  of  one  colour, 
and  partly  of  another,  according  to  the  pofition  of  your  eye,  with  regard 
to  the  light : but  if  you  pour  off  all  the  liquor,  the  paper  will  feem  dy’d 
almoft  of  a yellow  colour.  And  if  a Iheet  of  paper,  with  fome  of  this 
liquor  on  it,  be  placed  in  a window,  where  the  fun-beams  may  come  freely 
to  it;  then,  if  you  turn  your  back  to  the  fun,  and  take  a pen,  or  fome 
luch  (lender  body,  and  hold  it  a-thwart,  betwixt  the  fun  and  the  liquor, 
you  may  perceive,  that  the  fhadow  projected  by  the  pen,  upon  the  liquor, 
will  not,  all  of  it,  be  a common  dark  lhadow,  but,  in  part,  curioufiy 
coloured  ; that  edge  of  it  next  the  body,  which  makes  it,  being  almoft 
of  a lively  golden  colour;  and  the  remoter  verge  of  a blue  one. 
Thefe,  and  other  phenomena,  which  I have  obferved  in  this  delight- 
ful experiment,  many  of  my  friends  have  beheld  with  wonder.  And  I 
remember  an  excellent  oculift,  finding,  by  accident,  a vial  full  of  this 
liquor,  and  having  never  heard  of  the  experiment,  continued  appre- 
henfive,  upon  viewing  it  for  a long  time,  that  fome  ftrange  new  diftem- 
per  had  invaded  his  eyes.  And,  I confefs,  the  oddnefs  of  the  pheno- 
mena made  me  very  follicitous  to  find  out  the  caufe  thereof.  But  tho*  I 
am  far  from  pretending  to  have  difcovered  it ; yet  my  inquiries  have  ena- 
bled me  to  give  fome  confiderable  hints  about  it.  In  the  firft  place,  then, 
obferving  that  this  tindture,  if  it  were  too  deep,  kept  the  colours  from 
being  fo  lively,  and  their  change  from  being  fo  difcernible  ; and  finding 
alfo,  that  the  impregnating  virtue  of  this  wood  did,  by  being  frequently 
infufed  in  frefh  water,  gradually  decay,  I conjeclured,  that  the  tin&ure 
afforded  by  the  wood,  muft  proceed  from  fome  fubtile  parts,  drawn 
out  by  the  water;  which,  fwimming  about  therein,  fo  modify’d 

the 


upon  Colours.  6i 

the  light,  as  to  exhibit  particular  colours.  And  becaufe  thefe  fubtile  parts  Ph  ysics. 
were  fo  eafily  foluble,  even  in  cold  water,  I concluded,  that  they  muft  a-  ^/YV/ 
bound  with  falts,  and  perhaps  contain  much  of  the  eflential  fait  of  the 
wood.  And,  to  try  whether  thefe  fubtile  parts  were  volatile  enough  to  be 
diftilled,  without  diflfolving  their  texture,  I carefully  fubmitted  forne  of 
the  tinged  liquor,  in  very  low  veflels,  to  the  gentle  heat  of  a lamp- fur- 
nace ; but  found  all  that  came  over,  to  be  as  limpid  and  colourlefs  as  rock- 
water  : whilft  the  liquor  remaining  behind,  was  of  fuch  a deep  blue,  that 
it  muft  be  oppofed  to  a very  ftrong  light,  to  appear  of  any  other  colour. 

I took,  likewife,  a vial,  fill’d  with  fpirit  of  wine,  and  a little  fait  of 
hart’s-horn,  and  found,  that  there  was  a certain  proportion  to  be  met 
with,  betwixt  that  liquor,  and  the  fait,  which  render’d  the  mixture  fit  to 
exhibit  fome  little  variety  of  colours,  not  obfervable  in  ordinary  liquors, 
as  it  was  varioufly  fituated,  with  regard  to  the  light  and  the  eye:  but  this 
change  of  colour  came  very  far  fhort  of  that  we  had  admired  in  our  tin- 
cture. However,  I fufpeCted  that  the  tinging  particles  abounded  with  falts, 
whofe  texture,  and  the  colour  thence  arifing,  would  probably  be  altered 
by  piercing  acids  ; and  pouring  into  a fmall  vial  of  the  impregnated  water 
a very  little  fpirit  of  vinegar,  I found,  that  the  blue  colour  immediately 
vanifhed,  while  the  golden  one  remained  : and  which  way  foever  I turn’d 
the  vial,  either  to,  or  from  the  light,  I found  the  liquor  conftantly  ap- 
pear’d of  a yellowilh  colour,  and  no  other.  Upon  this,  I imagin’d,  that 
the  acid  falts  of  the  vinegar,  having  been  able  to  deprive  the  liquor  of  its 
blue  colour,  a fulphureous  fait,  which  is  of  a contrary  nature,  would 
mortify  the  faline  parts  of  the  vinegar,  and  deftroy  their  effe&s.  And, 
accordingly,  having  placed  myfelf  betwixt  the  window  and  the  vial,  and 
let  fall  into  the  fame  liquor  a few  drops  of  oil  of  tartar,  $er  deliquium  \ I 
found,  that  immediately  upon  the  diffufion  of  this  liquor,  the  impregna- 
ted water  was  reftored  to  its  former  blue  colour.  And  this  oil  of  tartar, 
being  very  ponderous,  and  falling  dire&ly  to  the  bottom  of  the  vial ; it 
was  eafy  to  obferve,  that  for  a little  while  the  lower  part  of  the  liquor  ap- 
peared of  a deep  blue,  whilft  all  the  upper  part  retained  its  former  yellow- 
nefs  ; which  it  immediately  loft,  as  foon  as  the  oil  of  tartar  was  diffufed 
thro’  the  whole : and  the  liquor  thus  reftored,  being  view’d,  either  againfl, 
or  from  the  light,  exhibited  the  fame  phenomena  with  the  tinged  water, 
before  the  adventitious  fluids  were  poured  into  it. 

Kircher  fpeaks  of  this  nephritic  wood,  in  the  following  manner: 

“ ’Tis  a white  Mexican  wood,  and  tho’,  generally,  fuppofed  to  com- 
“ municate  only  a blue  colour  to  water;  yet  we  have  found,  by  re- 
“ peated  experiments,  that  ’twill  turn  it  into  all  kinds  of  colours.  The 
£i  tree  itfelf,  ’tis  faid,  commonly  grows  to  a large  fize,  with  a thick  even 
trunk,  like  a pear  tree,  leaves  refembling  thofe  of  rue,  and  fmall  ob- 
“ long  yellow  fiowers,  growing  in  cinders.  The  plant  is  cold  and  moift, 

“ and  nearly  of  a middle  temper.  The  wood  of  this  tree,  made  into  a 
cup,  turns  the  water  put  into  it,  firft  of  a perfeft  blue  colour,  like  the 
:;i  buglofs -flower  ; and  the  longer  it  fh.nds  herein,  the  deeper  the  colour 

cc  grows. 


62 

Physics. 

uorv 


Experiments  and  Obfervations 

glows.  But  if  this  colour  d water  be  put  into  a glafs  globe,  and  ex- 
“ pofed  to  the  light,  there  will  not  appear  the  leaft  fign  of  bluenefs  there- 
“ in  ; but  the  liquor  will  be  clear  and  limpid,  like  pure  water.  Yet  if 
this  globe  of  glafs  be  turn’d  to  a more  fhady  place,  the  whole  liquor 
“ will  appear  of  a pleafant  green  ; and  if  to  a place  ftill  more  ffiaded, 
of  a reddiffi  colour.  And  thus  ’twill  change  its  hue,  according  to  the 
“ objeds  whereto  ’tis  expofed.  But,  after  being  placed  in  the  dark, 
,cwl11  regain  its  own  blue  caft.”  In  this  account,  I obferve  the  fol- 
lowing particulars:  Firft,  the  author  calls  it  a white  Mexican  wood  ; 
tho’,  not  to  mention  that  Monardes  fays,  ’tis  brought  from  New  Spain, 
the  wood  that  we  have  met  with,  and  employ’d  as  Lignum  Nephriticum 
was  not  white,  but,  for  the  mod  part,  of  a dark  colour,  not  unlike  that 
of  the  fadder-colour’d  wood  of  juniper.  ’Tis  true,  Monardes  fays,  that 
the  wood  is  white ; and  it  is  alfo  affirmed,  that  what  is  of  a fadder  co- 
lour, is  adulterated,  by  being  imbued  with  the  tindure  of  a vegetable. 
But  having  enquired  of  the  molt  eminent  of  our  Englijh  druggtfts,  he 
peremptorily  deny’d  it.  And,  indeed,  having  confidered  fomeofthe  fair- 
eft  round  pieces  of  this  wood,  that  I could  procure,  I took  notice,  in  one 
or  two  of  them,  that ’twas  the  external  part  only  that  appeared  white, 
whilft  the  more  internal  part  was  of  the  other  colour  •,  the  contrary 
whereto  would,  probably,  have  appeared,  if  the  wood  had  been  adul- 
terated after  the  manner  juft  mentioned.  And  I have,  at  prefent,  by  me, 
a piece  of  fuch  wood,  which,  for  about  an  inch  next  the  bark,  is  white* 
and  then  fuddenly  paffes  to  the  above-faid  colour:  and  yet  this  wood’ 
by  the  tindure  it  affords  in  water,  feems  to  have  its  colour’d  part  ge- 
nuine ; for  the  white  part  appears,  upon  trial,  to  be  much  lefs  endow’d 
with  the  tinging  property. 

Next,  our  author  tells  us,  that  the  infufion  of  this  wood  expos’d  in  a 
fpherical  vial  to  the  light,  looks  like  fpring- water;  and  adds,  that  there 
is  no  tindure  to  befeeninit:  but  herein  our  obfervation  and  his  do  not 
agree  ; for  the  liquor,  which  oppos’d  to  the  darker  part  of  a room  ex- 
hibits a sky-colour,  did  conftantly  with  us,  when  held  againft  the  li^ht, 
appear  yellowifh  or  reddifh,  according  as  its  tindure  was  more  or°lefs 
deep.  So  that  if  there  be  no  miftake  in  the  cafe,  his  white  nephritic 
wood,  and  the  fadder-colour’d  one,  which  we  employ’d,  were  no:  of  the 
fame  nature.  What  he  mentions  ot  the  cup  made  of  this  wood,  we  have 
not  ti  y d ; but  as  for  what  he  lays,  that  this  wood  tinges  the  water  with 
all  forts  of  colours,  that  is  much  more  than  any  of  thofe  pieces  we  have 
hitherto  employ’d  was  able  to  do:  the  change  of  colours  difcernible  in  a 
vial  full  of  water  impregnated  by  any  of  them,  and  direded  towards  a 
place  more  light  or  obfcure,  being  far  from  affording  any  fuch  varietv. 
And  as  for  what  he  tells  us,  that  in  the  dark  this  infufion  will  refume  a 
blue  colour,  I wifh  he  had  inform’d  us  how  he  try ’d  it.  But  having  fome- 
times  brought  a round  long-neck’d  vial  fill’d  with  the  tindure  of  this  wood 
into  the  darken’d  room  already  often  mention’d,  and  holding  it  fometimes 
.near  the  fun-beams  that  enter’d  at  the  hole,  and  fometimes  partly  in  them 
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and  partly  out  of  them  •,  varying  alfo  the  pofition  of  the  glafs,  and  view-  Physics. 
ing  in  from  leveral  parts  of  the  room,  it  difclos’d  a much  greater  variety 
of  colours,  than  it  does  in  an  ordinary  enlighten’d  room:  for  befides  the 
ufual  ones,  it  exhibited  a red  in  fome  parts,  and  a green  in  others  *,  with 
intermediate  colours  produced  by  the  different  degrees  and  odd  mixtures 
of  light  and  fhade. 

’Tis  furprizing  in  this  experiment,  that  the  blue  tindlure  may  be 
deftroy’d  or  reftor’d,  whilft  the  yellowifh  or  reddifh  one  continues  as 
it  was.  That  falts  are  of  a confiderable  ufe  in  ftriking  colours,  the  many 
experiments  which  the  dyers  trade  affords  us,  will  fhew : and  as  far  as  we 
have  hitherto  try’d,  thofe  liquors,  in  general,  which  greatly  abound  in 
acid  falts,  have  the  power  of  deftroying  the  blue  colour  in  this  infufion  *, 
as  thofe  that  abound  in  fulphureous  ones,  have  the  virtue  to  reftore  it. 

And  by  the  way,  this  obfervation  hints  to  us  a new  and  eafy  method  of 
difcovering  in  many  liquors  whether  it  bean  acid  or  a fulphureous  fait  that 
is  predominant.  That  fuch  a difcovery  is  often  very  difficult,  and  may 
frequently  be  of  great  ufe,  he  who  is  no  ftranger  to  the  various  properties 
and  effects  of  falts,  and  knows  of  how  great  moment  it  is  to  be  able  to  di- 
ftinguifh  their  tribes,  will  readily  conceive. 

Now  fuppofel  would  try  whether  alum,  tho’  it  be  plainly  a mix’d  body,  To  find  whe- 
abounds  rather  with  an  acid  than  a fulphureous  fait,  I turn  my  back  to  fuhbure- 
the  light,  and  holding  a fmall  vial  full  of  the  tindhire  of  Lignum  Nephri-  ous  fait  predo- 
ticum  in  my  hand,  which  view’d  in  that  pofition  appears  blue  3 then  drop-  mi  nates  in  a 
ping  into  it  a little  of  a ftrong  folution  of  alum  made  in  fair  water,  aod^wr* 
finding  upon  theaffufion  and  fhaking  of  the  whole,  that  the  bluenefs  for- 
merly confpicuous  in  our  tincture  prefently  vanifhes,  Lam  thereby  induced 
to  fuppofe,  that  the  fait  predominant  in  alum  is  acid.  But  if,  on  the  other 
hand,  I would  examine,  whether  fait  of  urine,  or  of  hart’s-horn,  is. 
rather  of  a falino- fulphureous,  than  of  an  acid  nature  3 I drop  a little  of 
the  faline  fpirit  of  either,  into  the  nephritic  tincture  3 and  finding  that  the 
blue  colour  is  thereby  rather  deepened  than  deftroyed,.  I collect,-  that  the 
falts  which  conftitute  thefe  fpirits,  are  rather  fulphureous  than  acid.  And, 
to  fatisfy  myfelf  yet  farther  in  this  particular,  I take  a fmall  vial  of  frefh 
tindture,  and  placing  both  it  and  myfelf,  with  regard  to  the  light,  as  be- 
fore •,  I drop  into  the  infufion  juft  as  much  diltilled  vinegar,  or  other  acid 
liquor,  as  will  ferve  to  deprive  it  of  its  bluenefs  ; then,  without  changing 
my  pofture,  I drop,  and  lhake  into  the  fame  vial,  a fmall  proportion  of 
fpirit  of  hart’s-horn,  or  urine:  and  finding,  upon  this,  the  tindlure  im- 
mediately to  recover  its  blue  colour,  I am  thereby  confirmed  in  my  opi- 
nion of  the  fulphureous  nature  of  thefe  falts. 

It  is  much  doubted  to  what  fort  of  fait  that  which  is  predominant  in 
quick- lime  belongs  3 but  we  have  been  perfuaded  to  refer  it  rather  to  the 
lixiviate,  than  acid  kind,  by  obferving,  that  tho’  an  evaporated  infufion 
of  it  will  fcarce  yield  fuch  a fait  as  alhes,  and  other  alkaline  bodies  do  3 
yet  if  we  deprive  our  nephritic  tindlure  of  its  bluenefs,  by  juft  fa  much 
diftilled  vinegar  as  is  requifite  to  make  that  colour  vanilh  3 the  lixivium 
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Physics,  of  quick-lime  will,  immediately,  upon  its  affufion,  recal  the  banilhed 
'^/VV  colour,  tho*  not  fo  powerfully  as  either  of  the  fulphureous  liquors,  for- 
merly mentioned.  And  I guefs  at  the  ftrength  of  the  liquors,  thus  exa- 
mined, by  the  quantity  of  them  ; which  is  fufficient  to  deftroy,  or  reffore 
the  blue  colour  of  our  tincture.  But  whether  as  to  liquors,  wherein  nei- 
ther acid  nor  alkaline  falts  are  eminently  predominant,  our  tinCture  will  en- 
able us  to  conjecture  any  thing  more,  than  that  fuch  falts  do  not  abound  in 
them,  I leave  to  further  trial ; for  I find  not,  that  fpirit  of  wine,  fpirit 
of  tartar,  freed  from  acidity,  or  chymical  oil  of  turpentine,  have  any 
remarkable  power  to  deprive  our  tinCture  of  its  blue  colour,  or  to  reftore 
it,  when,  upon  the  affufion  of  vinegar,  it  has  difappeared. 

Different  co - n.  We  may  alfo  fee  in  a mineral  body,  fomething  very  near  of  kin  to 

lours  obferved  the  changeable  quality  of  the  tinCture  of  Lignum  Nephriticum\  for  I have 
'tieuoiffiafs.  ^evera^  pieces  of  glafs  of  the  thicknefs  of  ordinary  panes  for  windows, 
one  of  which  being  interpofed  betwixt  the  eye,  and  a clear  light,  appears 
of  a golden  colour,  not  much  unlike  that  of  the  moderate  tinCture  of  our 
wood : but  being  viewed,  when  the  beams  of  light  pafs  not  fo  much  thro* 
it,  as  they  are  reflected  from  it  to  the  eye,  the  yellow  feems  to  degenerate 
into  a pale  blue,  fomewhat  like  that  of  a turquoife.  And,  what  is  Arrange, 
if  in  a certain  pofition,  you  hold  one  of  thefe  plates  perpendicular  to  the 
horizon,  fo  that  the  fun  may  fhine  upon  one  half  of  it,  whilfi:  the  other 
half  is  {haded,  you  may  fee  the  part  illumin’d,  of  a much  fainter  yellow 
than  the  {haded  part,  which  will  appear  more  richly  coloured.  And  if 
the  glafs  be  not  held  perpendicular,  but  parallel  to  the  horizon,  you  may 
fee  the  fhaded  part  of  a golden  colour,  whilfi:  the  other  appears  confider- 
ably  blue:  and  as  you  remove  any  part  of  the  glafs,  thus  held  horizon- 
tally, into  the  fun  beams,  or  the  {hade,  it  will,  in  the  twinkling  of  an 
eye,  feem  to  pafs  from  one  of  thofe  colours  to  the  other;  and  the  rays 
palling  thro’  it,  and  received  by  a fheet  of  white  paper  held  near,  colour 
it  with  a yellow,  fomewhat  bordering  upon  a red : yet  the  glafs  may  be  fo 
oppofed  to  the  fun,  as  to  throw  a mixed  colour  upon  paper,  in  fome  parts 
more  inclined  to  yellow,  and  in  others  to  a blue. 

In  making  thefe  experiments  with  glafs,  you  muft  take  notice,  that  as 
one  of  the  fides  has  its  fuperficial  parts  difpofed  to  reflect  the  blue  co- 
lour , that  fide  muft  be  held  next  to  the  eye.  I have  myfelf  made 
glafies  proper  to  exhibit  an  experiment,  not  unlike  the  laft  mentioned, 
by  laying  fome  filver,  very  finely  foliated,  upon  glafs,  and  giving  it, 
by  degrees,  a much  ftronger  fire  than  is  requifite  to  tinge  glafs  of  other 
colours.  And  this  experiment,  tho’  made  without  a furnace,  is  the  more 
confiderable ; becaufe  a skilful  painter,  who  allow’d  ’twas  with  filver  he 
coloured  his  glafies  yellow,  told  me,  that,  when  to  burn  them,  he  lays  on 
the  plates  nothing  but  a calx  of  filver,  calcined  without  corrofive  li- 
quors, and  temper’d  with  fair  water,  the  plates  are  tinged  of  a fine 
yellow,  that  looks  of  a golden  colour,  which  part  foever  be  turn’d  to,  or 
from  the  light ; whilfi:  we  have  found,  more  than  once,  that  fome  pieces 


upon  Colours.  65 

-of  glafs,  prepared  after  our  manner,  tho’,  when  held  againft  the  light.  Physics. 
they  appeared  of  a tranfparent  yellow  ; yet  viewed  with  one’s  back  turn’d  ’ 

to  the  light,  exhibited  an  opake  blue. 

1 2.  There  are  but  few  fimple,  and  primary  colours  ; from  the  various  The fimple 
compofitions  whereof,  all  the  reft  refult : for  tho*  painters  imitate  the  hues P^imary  colours 
of  thofe  numerous  different  colours,  to  be  met  with  in  the  works  of  na- but  fezv' 
ture,  and  of  art  ; yet  1 have  not  found,  that  to  exhibit  this  ftrange  va- 
riety, they  need  employ  any  more  than  white,  black,  red,  blue  and  yel- 
low ; thefe  five,  varioufly  compounded,  and  re-compounded,  being  fuffi- 

cient  to  exhibit  fuch  a variety,  as  thofe,  who  are  altogether  ftrangers  to 
the  painter’s  pallet,  can  hardly  imagine.  Thus  black  and  white,  differently 
mixed,  make  a vaft  number  of  lighter  and  darker  greys  ; blue  and  yellow 
make  a great  variety  of  greens ; red  and  yellow  make  orange- tawny  ; red, 
with  a little  white,  makes  a carnation;  red,  with  an  eye  of  blue,  makes 
a purple:  and,  by  thefe  fimple  compofitions  again  compounded,  the  skilful 
painter  can  produce  what  kind  of  colour  he  pleafes  ; and  a great  many  more 
than  we  have  names  for.  But,  to  render  the  rules  about  the  production  of 
colours  fit  to  be  relied  on,  the  corpufcles,  whereof  the  feveral  pigments 
confift,  muft  be  fuch  as  do  not  deftroy  one  another’s  texture  ; for,  in  cafe 
they  do,  the  emerging  colour  may  be  very  different  from  what  would  refult 
from  the  mixture  of  other  agreeing  pigments  of  the  lame  colours- 

13.  It  may  alfo  help  to  difcover  the  nature  of  colours,  to  know,  that  the  The  fun's  light 
light  of  the  fun,  palling  thro’  diaphanous  bodies  of  different  hues,  may  b tftain'dmtb 
tinged  of  the  fame  compound  colour,  as  if  it  proceeded  from  painters  co- 

lours  of  the  fame  denomination  ; tho’  the  latter  be  exhibited  by  reflection,  bodies,  in 
and  manifeftly  compounded  of  material  pigments.  Wherefore,  to  try  the  puffing  thro ’ 
compofition  of  colours,  we  provided  feveral  plates  of  tinged  glafs,  which  be- tkem% 
ing  laid,  two  at  a time,  upon  one  another  ; the  objeCt,  view’d  thro’  them 
both,  appeared  of  a compound  colour:  which  agrees  with  what  we  deliver’d 
of  looking  againft  the  light  thro’  paper  of  different  colours.  But  we 
thought  the  experiment  would  be  more  fatisfaCtory,  if  we  procured  the 
fun-beams  to  be  fo  tinged  in  theirpaffage  thro’  plates  of  glafs,  as  to  exhibit 
the  compound  colour  upon  white  paper.  And  tho’,  by  reafon  of  the  thick- 
nefs  of  the  glafles,  the  effeCt  was  but  faint,  even  when  the  fun  fhone 
ftrong  ; yet  we  eafily  remedy’d  that,  by  collecting  his  rays,  with  a convex 
glafs  ; which  increased  the  light,  at  the  point  where  they  met,  fufficiently 
to  make  the  compound  colour  very  manifeft  upon  the  paper.  By  this  means 
weobferved,  that  the  rays  palling  thro’  blue  and  yellow,  compofed  a 
green  ; that  an  intenfe  and  moderate  red,  did,  with  yellow,  make  different 
degrees  of  faffron,  and  orange-tawny  ; that  green  and  blue  made  a colour 
partaking  of  both,  like  what  fome  Latin  writers  call  Pavonaceus  ; and  that 
red  and  blue  made  a purple.  To  which  we  might  add  other  colours  that 
we  produced  by  the  combinations  of  glafles  differently  tinged,  did  I not 
want  proper  words  to  exprefs  them  in  our  language.  And  having  expofed 
four  or  five  forts  of  coloured  glafs,  and  other  tranfparent  bodies  to  the  fun, 
and  call  the  reflected  light  upon  white  paper,  held  near  them;  the  light 
Vol.  II.  K ap- 
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Physics,  appeared  not  manifeftly  tinged,  but  as  if  it  had  been  reflected  from  the  im- 
pervious  parts  of  a colourlefs  glafs  *,  only  that  refledled  from  the  yellow, 
was  here  and  there  ftained  with  the  fame  colour  ; as  if  thofe  rays  were  not 
all  reflected  from  the  fuperficial,  but  fome  from  the  internal  parts  of  the 
glafs.  And  a skilful  tradefman,  who  makes  fuch  coloured  glafs,  told  me, 
that  whereas  the  red  pigment  was  but  fuperficial,  the  yellow  penerrated  to 
the  very  midft  of  the  plate.  But,  for  further  fatisfaftion,  we  foliated  a 
plate  of  Mufcovy  glafs,  and  laying  on  it  a little  tranfparent  varnifh  of  a 
gold-colour,  we  expofed  it  to  the  fun- beams,  fo  as  to  caft  them  upon  a 
proper  body  on  which  the  refledled  light  appearing  yellow,  manifefted, 
that,  being  refledled  from  the  fpecular  part  of  the  felenites,  it  was  tinged,, 
in  its  return,  with  the  colour  of  the  tranfparent  varnifh,  thro’  which  it  pafied. 

Apparent  co-  14.  We  now  proceed  to  fome  experiments  made  in  favour  of  thofe  co- 

lours  compound  lours,  that  are  taught  in  the  fchools,  not  to  be  real,  but  only  apparent, 

as  the  genuine . and  fantaftical.  And,  upon  trial,  we  found,  that  thefe  colours  might  be 
compounded  both  with  true  and  liable  colours •,  and,  with  one  another, 
as  well  as  thofe  which  are  unaueftionably  genuine  and  lafling ; and  that  the 
colours  refulting  from  fuch  compofltions,  would  refpedlively  deferve  the- 
fame  denominations.  For,  firft,  having,  by  means  of  a glafs  prifm, 
thrown  an  iris  on  the  floor  ; I found,  that,  by  placing  a blue  glafs  at  a 
convenient  diflance,  betwixt  the  prifm  and  the  iris,  that  part  of  the  iris, 
which  before  was  yellow,  might  be  made  to  appear  green  ; tho*  not  of  a 
grafs-green,  but  more  diluted  and  yellowifh.  And  it  feems  not  improba- 
ble, that  the  narrow  greenifh  lift,  ufually  feen  between  the  yellow  and  blue 
parts  of  the  iris,  is  made  by  theconfufion  of  thofe  two  bordering  colours. 
And  tho*  the  want  of  a fufficient  livelinefs  in  either  of  the  compounding 
colours,  or  a fmall  error  in  the  manner  of  making  the  following  trials, 
was  enough  to  render  fome  of  them  unfuccefsful  •,  yet  when  all  necefiary 
circumflances  were  duly  confidered,  the  event  was  anfwerable  to  our  ex- 
pedition. Asa  red  and  blue  compound  a purple,  fo  I could  produce  the 
latter  of  the  three  colours,  by  calling,  at  fome  diftance  from  the  glafs,  the 
blue  part  of  the  prifmatic  iris,  upon  a lively  red.  And  fometimes,  when  I 
try’d  this  upon  a piece  of  red  cloth,  that  part  of  the  iris,  which  would 
have  been  blue,  and,  if  compounded  with  the  red  of  the  cloth,  appeared 
of  a fair  purple;  did,  when  I came  to  view  it  near,  look  very  oddly,  as 
if  there  were  fome  flrange  reflection,  or  refradlion,  or  both,  made  in  the 
hairs  of  which  that  cloth  was  compofed.  Calling,  likewife,  the  prifmatic 
iris  upon  a very  vivid  blue,  I found  that  part  of  it,  which  would  otherwife 
have  been  the  yellow,  appear  green.  Bin  it  may  feem  more  11  range,  that  tho* 
this  iris,  being  made  by  the  refraction  of  light  thro*  a body  that  has  no  co- 
lour, mull,  according  to  the  doCtrine  of  the  fchools,  con  fill  of  the  pu  reft 
emphatical  colours  ; yet  even  thefe  may  be  compounded  of  one  another,  as 
well  as  real  colours  in  the  groffeft  pigments.  For  I took,  at  once,  two  trian- 
gular glaflfes,  and  one  of  them  being  kept  fixed  in  the  fame  pollure,  that  the 
iris  it  projected  on  the  floor  might  not  waver,  I caft  on  the  fame  floor  ano- 
ther iris  with  the  other  prifm,  and  moving  it  to  and  fro,  to  bring  what  part  of 
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the  fecond  iris  I pleas’d,  to  fall  upon  what  part  of  the  firft  I thought  fit ; Physics. 
we  fometimes,  by  this  means,  obtain’d  a green  colour  in  that  part  of  the 
more  liable  iris  that  before  was  yellow  or  blue ; and,  frequently,  by  calling* 
thofe  rays,  that  in  one  iris  made  the  blue,  upon  the  red  parts  of  the  other, 
we  produced  a lovely  purple  ; which  might  be  deftroyed,  or  re-compofed 
at  pleafure,  by  feparating  and  re-joining  the  edges  of  the  two. 

15.  Confidering  the  prifm  as  the  moft  ufeful  inftrument  hitherto  em-  Experiments 
ploy’d  about  colours,  and  that  thofe  generally  ufed,  are  made  of  glafs,  rnadewltha_ 
tranfparent  and  colourlefs ; I thought  proper  to  try  what  change  the  fuper-^  oute 
induction  of  a colour,  without  deftroying  the  tranfparency,  would  pro- 
duce in  the  phenomena  exhibited  by  it.  But,  being  unable  to  procure  one 

of  coloured  glafs,  and  fearing  alfo,  that  if  it  were  not  carefully  made,  the 
thicknefs  of  it  would  render  it  tooopake;  I endeavoured  to  fupply  its 
place  by  one  of  clarify’d  rofin,  or  of  turpentine  brought  to  the  confidence 
of  a tranfparent  gum.  Our  attempts  this  way  were  not  wholly  loft  indeed, 
yet  we  found  it  fo  difficult  to  give  thefe  materials  their  true  fhape,  that 
we  chofe  rather  to  varnifh  over  an  ordinary  prifm  with  fome  tranfparent 
pigment  •,  and  this  we  did,  firft  with  a yellow,  and  then  with  a red,  or 
crimfon  one,  made  of  lac,  temper’d  with  a convenient  oil:  the  event  was, 
that,  for  want  of  good  tranfparent  colours,  of  which  there  are  but  very 
few,  both  the  yellow  and  the  red  rendered  the  glafs  fo  opake,  tho’  pru- 
dently laid  on,  that,  unlefs  I look’d  upon  fome  very  vivid  obje<5l,  I could 
fcarce  difcern  any  colours  at  all,  efpecially  when  the  glafs  was  covered  with 
red.  And,  upon  viewing  fuch  objedls,  I found,  that  the  colours  of  the 
pigment  had  vitiated,  "or  drown’d,  fome  of  thofe  which  the  prifm  would 
otherwife  have  exhibited  ; and,  mixing  with  others,  altered  them.  Thus, 
when  covered  with  yellow,  it  made  thofe  parts  of  bright  objedls,  where 
the  blue  fhould  have  been  confpicuous,  appear  of  a light  green.  But  the 
nature  of  the  colours,  the  degree  of  tranfparency,  and  darknefs  in  the 
pigment,  with  many  other  circumftances,  fo  vary’d  the  phenomena  of 
thefe  trials,  that,  till  I can  procure  fmall  coloured  prifms,  or  hollow  ones, 
that  may  be  filled  with  tinged  liquors,  or  obtain  fome  better  pigments, 
than  thofe  I was  reduced  to  employ  *,  I (hall  forbear  to  build  any  thing  up- 
on what  I have  done  in  this  way  : only  defire  the  inquiry  may  be  further 
profecuted. 

16.  There  are  fome  liquors  which,  tho’  colourlefs  themfelves,  yet,  when  Limpid  liquors 
they  come  to  be  elevated,  and  difperfed  into  exhalations,  exhibit  a confpi-  may  afford  co- 
cuous  colour ; which  they  lofe  again,  when  re-united  into  a liquor.  Thus,  oure  vaPours • 
good  fpirit  of  nitre,  or  ftrong  Aqua  fortis , tho’  they  have  no  appearance 

of  rednefs,  whilft  in  the  form  of  a liquor ; if  a little  heat  chance  to  turn 
the  minute  parts  of  them  into  vapours,  the  fteam  will  appear  of  a reddifh, 
or  deep  yellow  colour  ; which  vanifhes,  when  thofe  exhalations  refume  the 
form  of  a liquor.  And  if  you  look  upon  a glafs,  half  full  of  Aquafortis , 
or  fpirit  of  nitre,  and  the  other  half  full  of  fleams,  proceeding  from  either ; 
you  will  fee  the  upper  part  of  the  glafs,  of  the  colour  juft  mentioned,  if 
turn’d  to  the  light.  But,  what  is  much  more  confiderable,  I have  try’d, 
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that  putting  Aqua  forth  in  a long  clear  glafs,  and  adding  thereto  a little 
copper,  or  fome  fuch  open  metal,  to  excite  heat  and  fumes  ; the  light  paf- 
fing  thro9  thofe  fumes  being  call  upon  a flieet  of  white  paper,  appear  there- 
on of  the  colour  of  the  fumes,  when  diredtly  view’d  ; as  if  the  light  were 
as  well  tinged  in  its  paffage  thro9  thefe  fumes,  as  it  would  have  been  by 
palling  thro9  fome  glafs,  or  liquor,  in  which  the  fame  colour  was  inhe- 
rent. Having,  alfo,  fometimes  obferved,  whether  the  beams  of  the  fun, 
near  the  horizon,  palling  thro9  a very  red  sky,  would  not  exhibit  the  like 
colour  ; I found,  that  the  rays  falling  in  a room,  upon  a very  white  ob- 
jedl,  placed  diredlly  oppofite  to  the  fun,  difclofed  a manifeft  rednefs,  as 
if  they  had  pafs’d  thro9  a coloured  medium. 

17.  The  refulting  of  colours,  upon  the  coalition  of  the  particles  of  fuch 
bodies,  as  were  neither  of  them  coloured  like  that  mixture  whereof  they 
are  the  ingredients,  is  very  well  worth  our  niceftobfervation  ; being  ofgreat 
fervice,  both  in  [peculation  and  practice.  For  the  mechanical  ufe  of  co- 
lours, among  painters  and  dyers,  very  much  depends  upon  knowing 
which  of  them  are  producible  by  mixing  pigments  of  different  hues.  And 
9tis  of  advantage  to  the  naturalift  to  know  how  many,  and  which  colours 
are  primitive  and  fimple ; becaufe  it  both  eafes  his  labour,  by  confining 
his  inquiry  to  a fmall  number  of  thofe  upon  which  the  reft  depend  ; and 
affifts  him  to  judge  of  the  nature  of  particular  compound  colours,  by 
fhewing,  from  the  mixture  of  what  more  fimple  ones,  and  in  what  propor- 
tions to  one  another,  the  particular  colour  to  be  confidered,  refults.  But 
becaufe  to  infift  on  the  proportions,  the  manner,  and  the  effects  of  fuch 
mixtures,  would  oblige  me  to  confider  a great  part  of  the  painter’s  art, 
and  dyer’s  trade  ; I fhall  confine  myfelf  to  mention  feveral  ways  of  pro- 
ducing green,  by  the  compofition  of  blue  and  yellow. 

Firft,  then,  as  painters  make  a green,  by  tempering  blue  and  yellow,  re- 
duced to  a foft  confidence,  with  water,  oil,  or  fome  liquor  of  kin  to  thefe; 
I found,  that  by  chufing  fit  ingredients,  and  mixing  them  in  the  form  of  dry 
powders,  I could  do  more  this  way,  than  if  the  ingredients  were  tempered 
with  a liquor.  But  the  blue  and  yellow  powders,  befides  being  finely  ground, 
muft  be  fuch,  that  the  corpufclesof  the  one  may  not  be  too  unequal  to  thofe 
of  the  other  ; left,  by  their  difproportionate  minutenefs,  the  fmaller  cover 
and  hide  the  greater.  We  ufed,  with  good  fuccefs,  a flight  mixture  of 
the  fine  powder  of  bife,  with  that  of  orpiment,  or  good  yellow  oker,  tho* 
an  exquifite  mixture  did  not  fucceed  fo  well  ; but,  by  lightly  mixing  the 
two  in  feveral  little  parcels,  thofe  of  them  in  which  the  proportion  and 
manner  of  mixture  was  more  luckily  hit,  afforded  us  a good  green. 

(2.)  I have  alfo  learned,  at  the  dye-houfe,  that  cloth,  dy’d  blue  with 
woad,  is  afterwards,  by  the  yellow  decodtion  of  Luteola , turn’d  to  a 
green. 

(3.)  We  formerly  faid,  that  having  in  adarkned  room  taken  two  bodies, 
a blue  and  a yellow,  and  caft  the  light  reflected  from  the  one  upon  the 
other ; we  thereby  obtained  a green. 


(4.)  We 
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(4.)  We  alfo  formerly  obferv’d  a green  to  be  produced,  when  in  the  Physics. 
fame  darken’d  room  we  look’d  at  the  hole  where  the  light  enter’d,  thro’  LT/V 
the  green  and  yellow  parts  of  a fheet  of  marbled  paper  laid  one  upon  the 
other. 

(5,)  We  found  too,  that  the  beams  of  the  fun  palling  thro*  two  pieces 
of  glafs,  the  one  blue,  and  the  other  yellow,  laid  upon  one  another,  did 
upon  a fheet  of  whitepaper,  on  which  they  were  made  to  fall,  exhibit  a 
lovely  green : and  other  experiments  have  been  before  deliver’d  to  the 
fame  purpofe. 

(6.)  We  have  likewife  contrived  a way  of  trying  whether  metalline  fo- 
lutions,  tho’  one  of  them  had  its  colour  adventitious,  might  not,  by  the 
mixture  of  the  menftrua  employ’d,  be  made  to  compound  a green,  after 
the  manner  of  other  bodies.  To  a high  yellow  folution  of  pure  gold  in 
Aqua  regia , I put  a due  proportion  of  a fine  deep  blue  folution  of  crude 
copper,  made  in  fpirit  of  urine  ; and  thefe  two  liquors,  tho’  at  firft  they 
feem’d  to  coagulate  each  other  a little,  yet  being  thoroughly  mix’d  by  . 
fhaking,  they  prefently  united  into  a tranfparent  green  liquor  ; and  fo 
continued  for  feveral  days ; only  letting  fall  a little  blackilh  powder  to 
the  bottom.-  This  experiment  we  more  than  once  repeated  with  fuccefs. 

(7.)  And  laftly,  to  try  whether  this  way  of  compounding  colours  would 
hold  even  in  ingredients  adtually  melted  by  the  violence  of  the  fire,  provi- 
ded their  texture  were  capable  of  enduring  fufion  *,  we  caufed  fome  blue 
and  yellow  ammel  to  be  long  and  well  wrought  together  in  the  flame  of  a 
lamp,  which  being  ftrongly  and  inceflantly  blown,  kept  them  in  fome  degree 
of  fufion  •,  whence  at  length  we  obtain’d  an  amel  of  a green  colour. 

I have  fometimes  conjedtured,  that  the  mixture  of  the  bife  and  th z The  manner 
orpiment,  lately  mentioned,  produced  a green,  by  altering  the  fuperficial  wherein  this 
afperity  which  each  of  thofe  ingredients  had  a-part  ; fo  that  the  light  fibh  be^rl- 
falling  on  the  mixture,  was  refledted  with  different  fhades,  as  to  quantity  duced* 
or  order,  or  both,  from  thofe  of  either  of  the  ingredients  •,  and  fuch 
wherewith  the  light  is  modify’d,  when  it  refledts  from  grafs  or  leaves,  &c. 
that  we  call  green.  And  fometimes  too  I have  doubted  whether  the 
green  thus  produced,  might  not  be  partly  derived  from  hence  *,  that  the 
rays  refledted  from  the  corpufcles  of  the  orpiment  giving  one  kind  of 
ftroke  upon  the  retina,  whofe  perception  we  call  yellow,  and  thofe  re- 
fledled  from  the  corpufcles  of  the  bife  giving  another  ftroke  upon  the  fame 
retina,  like  objedts  that  are  blue  •,  the  contiguity  and  minutenefs  of  thefe 
corpufcles  may  make  the  appulfe  of  the  refledted  light  fall  upon  the  retina 
within  fo  narrow  a compafs,  that  the  part  they  ftrike  being  as  it  were  a 
phyfical  point,  they  might  give  a compound  ftroke,  . and  confequently 
exhibit  a new  compound  kind  of  fenfation  ; as  we  fee  that  two  firings  of  a 
mufical  inftrument  being  ftruck  together,  give  two  founds,  which  arrive 
at  the  ear  in  the  fame  time  *,  and  caufe  a differing  fenfation  from  either  of 
them,  and  as  it  were  one  compounded  of  both.  I fhall  only  here  farther 
obferve,  that  the  firft  of  thefe  ways  of  compounding  a green,  agrees  much 
better  with  our  conjedtures  about  colours,  than  either  with  the  dodtrine 
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Physics,  of  the  fchools,  or  with  that  of  the  chymifts.  For  firft,  in  the  mixture  of 
l/W'  the  two  powders  I could,  by  the  help  of  an  excellent  microfcope,  difcover 
that  what  feem’d  to  the  naked  eye  a green  body,  was  but  a heap  of  di- 
ftindt,  tho’  very  fmall  grains  of  yellow  orpiment  and  blue  bife  confufedly 
blended  together  ; whence  it  appears,  that  the  colour’d  corpufcles  of  ei- 
ther kind  did  each  retain  its  own  nature  and  colour:  fo  much  may  mere 
tranfpofition  and  juxta-pofition  of  minute  and  fingly  unchanged  particles 
of  matter,  contribute  to  produce  a new  colour.  Secondly,  the  green  thus 
made,  being  mechanically  produced,  there  is  no  pretence  to  derive  it  from 
any  unintelligible  fubftantial  form  •,  nor  does  this  green,  tho’  a real  and 
permanent  colour,  feem  to  be  a very  inherent  quality,  as  by  that  do&rine 
it  ought  to  be ; fince  each  part  of  the  mixture  remains  unalter’d  in  colour, 
and  confequently  of  a different  one  from  the  heap  they  compofe : for,  if 
the  eye  be  aflifted  by  a microfcope,  it  no  longer  fees  a green  body,  but  a 
heap  of  blue  and  yellow  corpufcles.  And  thirdly,  1 demand  what  ful- 
# phur,  fait,  or  mercury  have  to  do  in  the  production  of  this  green  ? for 
neither  the  bife  nor  the  orpiment  were  of  that  colour  before;  and  the  bare 
juxta-pofition  of  the  corpufcles  of  the  two  powders  that  operate  not  upon 
each  other,  but  might,  if  we  had  convenient  inftruments,  be  feparated 
unalter’d,  cannot  with  any  probability  be  imagin’d  either  to  increafe  or 
diminifh  any  of  the  three  hypoftatical  principles. 
qhe  mixture  18.  But  it  is  not  every  yellow  and  every  blue  that  will  by  their  mixture 
of  every  yellow  afford  a green.  For  in  cafe  either  of  the  ingredients  has  a power  to  alter 
<and  every  blue  the  texture  of  the  other,  fo  as  to  indifpofe  it  to  reflect  the  light,  as  bodies 
green.  rd  that  exhibit  a blue  or  a yellow,  reflect  it;  the  emerging  colour  may  not 
be  green,  but  fuch  as  the  change  of  texture  in  the  corpufcles  of  one  or 
both  of  the  ingredients  qualifies  them  to  give.  Thus,  for  inftance,  if  you 
let  fall  a few  drops  of  fyrup  of  violets  upon  a piece  of  white  paper,  tho’ 
the  fyrup  will  appear  blue  thereon,  yet  by  mixing  with  it  two  or  three 
drops  of  the  above-mention’d  folution  of  gold,  I obtain’d  a reddifh  mix- 
ture from  the  power  of  the  acid  falts  in  the  folution.  And  having  made 
a very  ftrong  and  high-colour’d  folution  of  copper-filings  with  lpirit  of 
urine,  tho’  the  menftruum  feem’d  fully  faturated  with  the  metal ; yet  hav- 
ing let  three  or  four  drops  of  fyrup  of  violets  fall  upon  white  paper,  I 
found  that  the  deep  blue  folution  proportionably  mix’d  with  this  other  blue 
liquor,  made  not  a blue,  but,  upon  account  of  the  urinous  fait  in  the  men- 
ltruum,  a fair  green. 

'The  colours  of  1 9.  To  fhew  the  chymifts  that  colours  may  be  made  to  appear  or  vanifh 
the  rain-bow  where  there  happens  no  acceftion  or  change  either  of  the  fulphureous, 
s^lblty  l? > the  faline,  or  the  mercurial  principle  of  bodies,  1 fhall  not  make  ufe  of 
glances.171  ' the  iris  afforded  by  the  glafs  prifm,  nor  of  the  colours  to  be  feen  in  a fair 
morning  in  thofe  drops  of  dew,  that  in  a convenient  manner  reflect  and 
refraCl  the  rays  of  light  to  the  eye;  but  remind  them  of  what  they  may 
obferve  in  their  own  laboratories.  For  all  chymical  effential  oils,  as  alfo 
good  fpirit  of  wine,  being  fhaken  till  they  rife  in  bubbles,  thofe  bubbles 
appear  with  various  fine  colours,  which  all  immediately  vanifti  upon  the 

relapfing 
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relapfmg  of  the  liquor  that  affords  them  their  films,  into  the  reft  of  the  oil  Physics. 
or  fpirit  of  wine  ; fo  that  a colourlefs  liquor  may  immediately  be  made  to 
exhibit  a variety  of  colours,  and  lofe  them  in  a moment,  without  the  ac- 
ceffion  or  diminution  of  any  of  its  hypoftatical  principles.  And,  by  the 
way,  5 tis  worthy  our  notice,  that  fome  bodies,  as  well  colourlefs  as  co- 
lour’d, by  being  brought  to  a great  thinnefs  of  parts,  acquire  colours  they 
had  not  before.  For  not  to  infift  on  the  variety  of  colours  that  water, 
render’d  glutinous  by  foap,  acquires,  when  blown  into  fpherical  bubbles  ; 
turpentine  will,  by  being  blown  into  after  a certain  manner,  afford  bub- 
bles adorn’d'  with  various  colours  ; which  tho’  they  foon  vanifh  after  the 
bubbles  break,  yet  thefe  would,  probably,  always  varioufly  exhibit  co- 
lours upon  their  fuperficies,  if  their  texture  were  durable  enough  : for  I 
have  feen  a perfon  skill’d  at  fafhioning  glaffes,  by  the  help  of  a lamp, 
blow  fome  fo  vehemently,  as  to  burft  them  ; whereupon  we  found  the  te- 
nacity of  the  metal  fuch,  that  before  it  broke,  it  fuffer’d  itfelf  to  be  redu- 
ced into  films  fo  extremely  thin,  that  being  kept  clean,  they  conftantly 
fhew’d  on  their  furfaces  the  varying  colours  of  the  rain-bow,  which  were 
exceedingly  vivid.  Taking,  alfo,  a feather  of  a convenient  fhape  and 
bignefs,  and  holding  it  at  a due  diftance  betwixt  my  eye  and  the  fun, 
when  near  the  horizon,  there  appear’d  to  me  a variety  of  little  rain-bows, 
with  different  and  very  vivid  colours,  none  of  which  were  conftantly  to 
be  feen  in  the  feather.  The  like  phenomenon  I have  at  other  times  produ- 
ced, by  interpofing,  at  a proper  diftance,  a piece  of  black  ribband  be- 
twixt the  fetting  fun  and  my  eye. 

20.  Drop  a little  good  fyrup  of  violets  upon  white  paper,  and  on  this  Syrup  of  vio- 
liquor  let  fall  two  or  three  drops  of  the  fpirit  either  of  fait,  vinegar, 
other  eminently  acid  liquor;  and  upon  the  mixture  of  thefe,  you  fhall bottles,  b^a 
find  the  fyrup  immediately  turn’d  red.  But  if  inftead  of  fpirit  of  fait,  change  of  co- 
or  that  of  vinegar,  you  drop  upon  the  fyrup  a little  oil  of  tartar  per^ur,  dijlin- 
deliquium , or  of  the  folution  of  pot-afhes,  and  ftir  them  together  with an  attiti 
your  finger,  the  blue  colour  of  the  fyrup  will  in  a moment  be  turn’d^ 
into  a perfeft  green.  And  this  fyrup  may  be  fubftituted  for  the  infu- 
fion  of  Lignum  Nephriticum , when  we  would  examine  whether  the  fait 
predominant  in  a liquor,  or  other  body,  wherein  ’tis  loofe  and  in  plenty, 
belongs  to  the  tribe  of  acid  falts.  For  if  fuch  a body  turns  the  fyrup  of  a 
red  or  reddifh  purple  colour,  it  for  the  moft  part  argues  that  body  to 
abound  with  acid  fait.  But  if  the  fyrup  be  turn'd  green  thereby,  the 
predominant  fait  feems  to  be  of  a nature  contrary  to  acid.  For  as  fpirit 
of  fait,  oil  of  vitriol,  Aqua  for  tis , fpirit  of  vinegar,  juice  of  lemons, 

&V.  will  turn  fyrup  of  violets  red  or  reddifh ; fo  I have  found  that  not  only 
all  the  volatile  falts  of  animal  fubftances  which  I have  ufed,  as  fpirit  of 
hart’s-horn,  of  urine,  of  fal-armoniac,  of  blood,  65V.  but  all  the  alkaline 
falts  I have  employ’d,  as  the  folution  of  fait  of  tartar,  of  pot-afhes,  of  com- 
mon wood-afhes,  lime-water,  6jV.  will  immediately  change  that  blue  fyrup 
into  a perfect  green.  And  by  the  fame  way,  the  changes  that  nature  and 
time  produce  in  the  more  faline  parts  of  fome  bodies,  may  be  difcover’d  ; 

and 
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Physics,  and  fuch  bodies  chymically  prepared,  as  belong  neither  to  the  animal 
iyyV  kingdom,  nor  to  the  tribe  of  alkalies,  have  their  new  nature  fuccefsfully 
examined.  But  to  change  the  colour  of  this  fyrup,  it  requires  that  the 
body  be  more  ftrong  of  the  acid  or  other  fait  predominant  in  it,  than  is 
neceflary  to  work  upon  the  tindture  of  Lignum  Nephriticum : and  tho’  the 
adtions  of  thefe  contrary  falts  will  deftroy  each  other,  yet  neither  of  them 
will  reftore  the  fyrup  to  its  native  blue,  as  in  the  nephritic'  tindlure  ; but 
each  of  them  changes  it  into  the  colour  which  itfelf  affedts. 

21.  By  dropping  on  the  frefli  juice  of  blue-bottles,  or  the  Cyanus  vulga- 
ris minor,  a little  fpirit  of  fait,  it  immediately  turn’d  to  a red.  And  if 
inftead  of  the  acid  fpirit,  I mix’d  with  it  a little  ftrong  folution  of  an 
alkaline  fait,  it  prefently  difclofed  a lovely  green ; the  fame  changes  being, 
by  thofe  different  forts  of  faline  liquors,  producible  in  this  juice,  as  in  fy- 
rup of  violets.  And  finding  this  bluejuice,  when  frelh,  to  be  capable  of 
ferving  for  an  ink  of  that  colour  ; I attempted,  by  moifteningone  part  of 
a piece  of  white  paper  with  the  fpirit  of  fait,  and  another  with  fome 
alkaline  or  volatile  liquor,  to  draw  a line  on  the  paper  after  it  was  dry, 
that  fhould  appear  partly  blue,  partly  red,  and  partly  green  : but  the 
latter  part  of  the  experiment  did  not  fucceed  well,  tho’  the  blue  and  red 
were  confpicuous  enough  to  furprize  thofe  who  were  unacquainted  with 
the  trick.  -But  left  it  fhould  be  thought  that  volatile  or  alkaline  falts 
change  blue  into  green  rather  upon  the  fcore  of  the  eafy  tranfition  of  the 
former  colour  into  the  latter,  than  upon  account  of  the  texture,  wherein 
moft  vegetables,  that  afford  a blue,  feem  to  be  allied  ; I fhall  add,  that 
having  diflolv’d  blue  vitriol  in  fair  water,  and  put  a lixiviate  liquor  and 
an  urinous  fait  to  diftindt  parcels  of  it,  each  of  them  turn’d  the  liquor  not 
green,  but  of  a deep  yellowifh  colour,  almoft  like  that  of  yellow  oker  i 
which  colour,  the  corpufcles  thereby  precipitated,  retain’d. 

22.  The  hint  of  the  following  experiment  was  afforded  us  by  the  pra- 
ctice of  fome  Italian  painters,  who  counterfeit  ultra-marine  azure  * by 

grinding 


* The  VruJJian  blue  is  allow’d  to  excel 
the  ultra-marine.  And  the  preparation  of 
it  being  very  curious  and  ufeful,  we  fhall 
here  give  an  extradt  of  that  receipt  for  it 
which  was  lately  communicated  to  the 
Royal  Society  by  Dr.  Woodward , asfent  him 
from  Germany . Take  of  crude  nitre  and 
crude  tartar,  each  four  ounces ; powder 
them  fine,  mix  them  together  ; and  after 
decrepitation,  there  will  remain  four 
ounces  of  a fait  of  tartar  : whillt  this  is 
hot,  pulverize  it,  and  add  thereto  four 
ounces  of  well-dry ’d  ox-blood,  in  fine  pow- 
der. Calcine  the  whole  in  a cover’d  cru- 
cible, whereof  it  may  fill  two  thirds. 
After  this  operation,  lightly  grind  the 
matter  in  a mortar,  and  put  it  hot  into 


four  pints  of  boiling  water;  and  let  it 
continue  boiling  for  half  an  hour.  Strain 
the  decodtion,  dilute  the  black  remaining 
fubflance  with  water,  and  boil  and  ftrain 
as  before , till  the  water  pour’d  on  be- 
comes infipid.  Add  the  feveral  flrainings 
together,  and  evaporate  them  to  four 
pints.  Then  diffolve  an  ounce  of  EngUfb 
vitriol,  calcined  white,  in  fix  ounces  of 
rain-water,  and  filtre  the  folution.  Dif- 
folve, likewife,  half  a pound  of  crude  alum 
in  two  quarts  of  boiling  water  ; and  add 
this  to  the  folution  of  the  vitriol  taken 
hot  from  the  fire  ; pouring  to  them  alfo 
the  firft  lixivium,  whilft  thoroughly  hot, 
in  a large  veffel.  A great  ebullition, 
and  a green  colour,  will  immediately 
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grinding  verdigreafe  with  fal-armoniac  and  fome  other  faline  ingredients,  Physics, 
and  fuftering  them  to  lie  for  a good  while  together  in  a dunghill  ; for  we  . 

fuppofed,  that  the  change  of  colour  wrought  in  the  verdigreafe  by  this 
way  of  preparation,  muft  proceed  from  the  adlion  of  certain  volatile  and 
alkaline  falts,  abounding  in  fome  of  the  mixed  concretes,  and  brought  to 
make  a further  difiolution  of  the  copper  contained  in  the  verdigreafe  ; and 
therefore  conjectured,  that  if  both  the  verdigreafe,  and  fuch  falts,  were 
diffolved  in  fair  water,  the  fmall  parts  of  both  being  therein  more  fub- 
divided  and  fet  at  liberty,  would  have  better  accefs  to  each  other,  and 
thence  incorporate  much  the  fooner.  And,  accordingly,  we  found,  that Tj>e production 
if,  upon  a ftrong  folution  of  good  French  verdigreafe,  we  poured  a juft  ue  co" 
quantity  of  oil  of  tartar,  and  fhook  them  well  together,  a notable  change 
of  colour  immediately  fucceeded  \ the  mixture  growing  thick,  and  not 
tranfparent;  but  if  you  ftay  till  the  grofier  part  be  precipitated,  and 
fettled  at  the  bottom,  you  may  obtain  a clear  liquor  of  an  exceeding  de- 
lightful colour.  You  muft  drop  in  a competent  quantity  of  oil  of  tartar, 
otherwife  the  colour  will  not  be  fo  deep  and  rich  ; but  if,  inftead  of  this 
oil,  you  employ  a clear  lixivium  of  pot*afties,  you  may  have  an  azure, 
fomewhat  lighter  or  paler  than  the  former.  And  if,  inftead  of  either  of 
thefe  liquors,  you  make  ufe  of  fpirit  of  urine,  or  of  hart’s-horn,  you 
will,  according  to  the  quantity  and  quality  of  the  fpirit  poured  in,  ob- 
tain fome  further  variety  of  blue  liquors ; and,  by  the  help  of  this  urinous 
fpirit,  we  have  made  a furprizing  blue  liquor.  But  thefe  azure-coloured 
liquors  fhould  be  freed  from  the  fubfiding  matter,  which  the  falts  of  tar- 
tar, or  urine,  precipitate  out  of  them,  rather  by  being  decanted,  than  by 
filtration  ; for,  in  the  latter  method,  wehave  fometimes  found  the  colour 
of  them  very  much  impaired. 

23.  That  rofes,  held  over  the  fume  of  fulphur,  may  quickly  be  thereby  Of  and. 
deprived  of  their  colour,  and  have  as  much  of  their  leaves,  as  the  fume 
works  upon,  turned  pale,  we  have  already  hinted  $ and  it  is  a known 
experiment.  But  it  may  feem  ftrange  to  one  who  has  never  confidered 
the  compound  nature  of  brimftone,  that  though  the  fume  of  it,  as  we 


enfue.  Whilft  this  ebullition  continues, 
pour  the  mixture  out  of  one  veflel  into 
another,  and  afterwards  let  it  reft.  Then 
run  the  liquor  thro’  a linen,  and  let 
the  pigment  remain  in  the  ftrainer  ; and 
when  ’tis  thus  freed  from  its  moifture, 
put  it,  by  means  of  a wooden  fpatuia,  in- 
to a fmall  new  pot ; pour  upon  it  two  or 
three  ounces  of  fpirit  of  fait,  and  there 
will  immediately  arife  a moft  beautiful 
blue.  Let  the  matter  be  well  ftirr’d,  and 
fet  to  reft  for  a night  ; and  afterwards 
thoroughly  edulcorate  it  with  repeated 
affulions  of  rain-water  ; allowing  a com- 
petent time  for  the  precipitate  to  fub- 
fide.  Thus,  at  length,  it  will  become  ex- 
VOL.  II. 


quifltely  blue.  Laftly,  let  it  drain  upon 
the  linen  ftrainer,  and  dry  it  gently  for 
ufe.  The  fuccefs  of  this  procefs  greatly 
depends  upon  the  calcination.  The  cru- 
cible is  firft  to  be  furrounded  with  coals, 
that  it  may  grow  gradually  hot,  and  the 
matter  leifurely  flame  and  glow.  This  de- 
gree of  heat  muft  be  continued  till  the 
flame  and  glowing  decreafe : then  the 
fire  fliould  again  be  raifed,  that  the  mat- 
ter may  glow  with  an  exceeding  white 
heat ; and  but  little  flame  appear  above  the 
crucible.  The  lixivia  muft  be  vehement- 
ly hot ; and  ought  to  be  mix’d  together  in 
an  inftant.  See  P bilof.  Tranfatt.  N°38i. 
p.  15—24. 
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Physics,  have  faid,  whitens  the  leaves  of  rofes,  yet  the  oil  of  fulphur  per  campa- 
L/W'  nam^  powerfully  heightens  the  tindlure  of  red  rofes,  and  makes  it  more 
red  and  vivid  ; as  we  have  eafily  try’d,  by  putting  fome  red  rofe-leaves, 
that  having  been  long  dry’d,  had  loft  much  of  their  colour,  into  a vial  of 
fair  water:  fora  while  after  the  affufion  of  a convenient  quantity  of  the 
oil,  both  the  leaves  themfelves,  and  the  water  they  were  fteep’d  in,  difco- 
ver’d  a very  frefh  and  lovely  red  colour. 

What  quantity  24.  It  may  ferve  to  illuftrate  not  only  the  dodtrine  of  pigments,  and  of 
of  limpid  li - colours,  but  many  other  parts  of  mechanical  philofophy,  as  odors,  and 
quor  a pigment  other  qualities  are  explain’d  by  the  aftiftance  of  bodies  extremely  minute, 
a'  1 ^ ' to  examine  to  how  much  of  a colourlefs  liquor,  a very  fmall  parcel  of  a pig- 
ment may  impart  a difcernible  colour.  And  tho’  fcarce  any  thing  of  ex- 
adlnefs  can  be  expedled  from  fuch  trials,  yet  I prefum’d  I fhou’d  hence  be 
able  to  fhew  a much  further  fubdivifion  of  the  parts  of  matter  into  vifible 
particles,  than  feems  hitherto  taken  notice  of,  or  imagin’d. 

The  moft  promifing  bodies,  for  fuch  a purpofe,  might  feem  to  be  me- 
tals, efpecially  gold,  becaufe  of  the  multitude  and  minutenefs  of  its  parts, 
which  might  be  argued  from  the  great  clofenefs  of  its  texture.  But  tho* 
we  try’d  a folution  of  gold,  made  in  Aqua  regia  firft,  and  then  in  fair  wa- 
ter, yet  becaufe  we  were  to  determine  the  pigment  we  employ’d,  not  by 
bulk,  but  weight  ; and  becaufe  alfo  the  colour  of  gold  is  but  weak,  in 
comparifon  of  that  of  cochineal,  we  rather  chofe  this  to  make  our  expe- 
riments with.  But,  from  a number  of  thefe,  it  may  fuffice  to  feledt  one 
which  was  carefully  made  in  veffels  conveniently  fhap’d  ; to  which  I fhall 
only  premife,  that  the  cochineal  will  be  better  diftolv’d,  and  have  its  co- 
lour far  more  heighten’d  by  fpirit  of  urine,  than  by  common  water,  or 
even  rectified  fpirit  of  wine.  One  grain  of  cochineal,  diftolved  in  a con- 
fiderable  quantity  of  fpirit  of  urine,  and  then  further  diluted  by  degrees 
with  fair  water,  imparted  a difcernible  colour  to  fix  glaffes  of  water,  each 
containing  forty-three  ounces  and  a half;  which  amounts  to  above  one 
hundred  twenty-five  thoufand  times  its  weight. 

Acid , alkaline , 25.  It  may  afford  a confiderable  hint  towards  improving  the  art  of  dy- 

and  urinous  ing,  to  know  what  change  of  colours  are  producible  by  the  three  feveral 
^ the  colour  s’of  f°rts  fal  ts  we  have  mention’d,  in  the  juices,  decodtions,  infufions,  and 

many  vegetable  the  more  foluble  parts  of  vegetables.  The  blue  liquors  lately  made  ufe 
productions,  of  in  our  experiments,  are  far  from  being  the  only  vegetable  fubftances 
upon  which  acid,  urinous,  and  alkaline  falts,  have  the  like  operations  to 
thofe  above  recited.  Ripe  privet-berries,  for  inftance,  being  criifh’d  upon 
white  paper,  tho’  they  (lain  it  with  a purplifh  colour,  yet  if  we  let  fall  on 
one  part  of  it,  two  or  three  drops  of  fpirit  of  fait,  and  on  the  other,  fome 
ftrong  folution  of  pot-afhes,  the  former  liquor  immediately  turns  that  part 
of  the  thick  juice,  or  pulp,  on  which  it  fell,  into  a lovely  red  ; and  the  lat- 
ter changes  the  part  whereon  it  falls,  into  a delightful  green.  This  experi- 
ment is,  perhaps,  very  extenfive,  and  ferviceable  to  thofe  who  wou’d  know 
how  dying  fluffs  may  be  wrought  upon  by  faline  liquors.  For  I have  found 
it  to  fucceed  in  fo  many  various  berries,  flowers,  bloffoms,  and  other  finer 
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parts  of  vegetables,  that  my  memory  will  not  ferve  me  to  enumerate  them  •,  Physics. 
and  it  is  furprizing  to  fee,  by  what  differently  colour’d  flowers  or  bloffoms  *, 
for  example,  paper  being  ftain’d,  may,  by  an  acid  fpirit,  be  immediately 
turn’d  red,  and  by  any  alkali,  or  urinous  fpirit;  green  *,  fo  that  even  the 
bruis’d  blofloms  of  Mezereon , gather’d  in  frofly  weather,  and  thofe  of 
peafe  crufli’d  upon  white  paper,  how  remote  foever  their  colours  are  from 
green,  wou’d  in  a moment  pafs  into  a deep  degree  of  that  colour,  upon 
the  touch  of  an  alkaline  liquor.  And  either  of  thefe  new  pigments  may, 
by  a fufficient  affufion  of  a contrary  liquor,  be  prefently  chang’d  from  red 
to  green,  and  from  green  to  red  ; which  obfervation  holds  alio  in  fyrup  of 
violets,  the  juice  of  blue-bottles,  &c, 

26.  There  are,  however,  fo  me  cafes  wherein  thefe  experiments  will  not 
uniformly  fucceed.  And  firft,  I try’d  the  operation  of  acid  falts  upon  fuch 
vegetable  fubffances  as  are  in  their  own  nature  red  *,  as  fyrup  of  clove- 
july-flowers,  the  clear  exprefs’d  juice  of  buckthorn-berries,  red-rofes,  in- 
fufion  of  brazil,  and  many  others  ; on  fome  of  which,  fpirit  of  fait  ei- 
ther made  no  confiderable  change,  or  only  alter’d  the  colour  from  a darker 
to  a lighter  red.  And  as  to  the  operation  of  the  other  forts  of  falts,  upon 
thefe  red  fubffances,  I found  it  not  very  uniform  ; fome  red  or  reddifli  in- 
fufions,  as  of  rofes,  being  thereby  turn’d  into  a dirty  colour,  inclining  to 
green.  Nor  was  the  fyrup  of  clove -july-flowers  turn’d  by  the  folution  of 
pot-alhes,  to  a much  better,  tho’  a fomewhat  greener  colour.  Another 
fort  of  red  infufion  was  by  an  alkali  not  turn’d  into  a green,  but  advanc’d 
to  a crimfon  *,  tho’  there  were  other  kinds  of  them,  particularly  the  juice 
of  buckthorn-berries,  that  readily  pafs’d  into  a lovely  green. 

27.  Among  other  vegetables,  which  feem’d  likely  to  afford  exceptions 
to  the  general  obfervation  about  the  different  changes  of  colours,  produ- 
ced by  acid  and  fulphureous  falts,  we  made  trial  upon  the  flowers  of  jeffe- 
min  > they  being  both  white,  as  to  colour,  and  elteem’d  of  a more  oily 
nature  than  other  flowers.  Taking,  therefore,  only  the  white  parts  of  the 
flowers,  and  rubbing  them  fomewhat  hard  with  my  finger,  upon  a piece 
of  clean  paper,  it  appear’d  very  little  difcolour’d  thereby  ; nor  had  fpirit 
of  fait,  wherewith  I moiffen’d  one  part  of  it,  any  confiderable  operation 
thereon  : tho’  fpirit  of  urine,  and,  particularly,  a ftrong  alkaline  folution, 
immediately  turn’d  the  paper,  tho’  it  had  remain’d  almoft  colourlefs,  of  a 
deep  greenifh  yellow  ; which  experiment  I feveral  times  repeated  with  the 
like  fuccefs.  But  a great  degree  of  unCtuoufnefs  feems  unneceffary  to  the 
production  of  thefe  effeCts ; for  when  we  try’d  the  experiment  with  the 
leaves  of  thofe  pure  white  flowers  that  appear  about  the  end  of  winter,  and 
are  commonly  call’d  fnow-drops,  the  event  was  much  the  fame. with  the 
laft  mention’d. 

28.  Another  fort  of  inftances,  to  fhew  how  much  the  changes  of  colours 
effeded  by  falts,  depend  upon  the  particular  texture  of  the  colour’d  bo- 
dies, we  have  from  feveral  yellow  flowers,  and  other*  vegetables,  as 
marygold-leaves,  primrofes,  frefh  madder,  Csfc.  For  thefe  being  rubb’d 
upon  white  paper,  till  they  imbued  it  with  their  colour,  I cou’d  not  find, 
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Physics,  by  the  addition  of  alkaline  liquors,  or  of  an  urinous  fpirit,  that  they  would’ 
iW'VX*'  turn  either  green  or  red  ; even  the  fpirit  of  fait  would  not  confiderably  al- 
ter their  colour,  only  dilute  it  a little  : tho’,  in  fome  early  primrofes,  it 
deftroy’d  the  greateft  part  of  the  colour,  and  made  the  paper  almoil  white 
again.  Madder,  alfo,  afforded  fomething  peculiar  ; for  having  gather’d 
fome  roots  of  it,  whilfb  its  yellow  juice  was  frefh  exprefs’d  upon  white 
paper,  an  alkaline  folution  being  dropp’d  upon  it,  turn’d  it  neither  green 
nor  white,  but  red  ; and  the  bruis’d  madder  it  felf,  drench’d  with  the 
like  alkaline  folution,  exchang’d  its  yellownefs  for  a rednefs. 

29.  It  may  be  of  ufe,  towards  difcovering  the  nature  of  the  changes 
which  the  alimental  juices  undergo  in  different  vegetables,  in  their  diffe* 
rent  degrees  of  maturity,  to  obferve  what  operation  acid,  urinous,  and 
alkaline  falts  will  have  upon  thofe  juices.  To  fhew  my  meaning  by  an 
example,  I took  from  the  fame  duller  one  black-berry  full  ripe,  and  ano- 
ther that  had  not  yet  out-grown  its  rednefs  ; and  rubbing  a piece  of  white 
paper  with  the  former,  I obferved,  that  the  juice  adhering  to  it,  was  of  a 
dark  reddilh  colour,  full  of  little  black  fpecks ; and  that  this  juice,  by  a 
drop  of  a ftrong  lixivium,  would  immediately  turn  into  a deep  greenilh 
colour  •,  by  as  much  urinous  fpirit,  into  a colour  near  allied  to  the  former, 
tho’  fainter ; and  by  a drop  of  fpirit  of  fait,  into  a fine  light  red  : but  the 
red  berry,  rubbed  in  like  manner  upon  paper,  left  on  it  a red  colour, 
which  wasvery  little  altered  by  the  fame  acid  fpirit  ; and  from  the  uri- 
nous and  lixiviate  falts,  received  changes  of  colour,  different  from  thofe 
produced  in  the  dark  juice  of  the  ripe  black-berry. 

I remember  alfo,  that  though  the  infufion  of  damask  rofes  would  be 
heighten’d  by  acid  fpirits,  to  an  intenfe  degree  of  rednefs,  and,  by  lixiviate 
flits,  be  brought  to  a darkifh  green  ; yet  putting  a rofe,  whofe  leaves 
were  perfectly  yellow,  in  a folution  of  fait  of  tartar,  it  afforded  a green 
bluifh  tindlure  •,  but,  by  means  of  an  acid  liquor,  I could  not  obtain  a red 
one  ; the  laline  fpirit  I employ’d,  only  a little  diluting  the  yellownefs  of  the 
leaves.  And  if  I were  in  the  iflands  of  Banda , where  cloves  fo  greatly 
profper,  I fhould  try  what  operation  our  three  differing  kinds  of  falts 
would  have  upon  the  juice  of  this  fpice  ; which  eminent  authors  inform  us 
is  at  firfb  white,  afterwards  green,  and  then  reddilh,  before  ’ tis  beaten  off 
the  tree  ; after  which,  being  dry’d,  it  grows  blackilh,  as  we  fee  it.  And 
one  of  the  lateft  botanic  writers  informs  us,  that  the  flower  grows  upon 
the  top  of  the  clove  itfelf,  confining  of  fmall  leaves,  like  a cherry  blolfom, 
but  of  an  . excellent  blue. 

’Tis  very  proper  to  take  notice  of  the  particular  feafons  wherein  the  ve- 
getables, defigned  for  the  nicer  experiments,  are  gathered.  That  diligent 
botanift,  Mr  .Parkinfon,  tells  us,  that  “of  buckthorn-berriesare  made  three 
“ feveral  forts  of  colours  ; being  gathered  green,  and  kept  dry,  they  are 
call’d  fap-berries  ; which  being  fteep’d  in  alum- water,  give  a fair  yellow 
“ colour,  ufed  by  painters,  book-binders,  and  leather-drelfers,  who  alfo 
“ make  a green  colour,  called  fap-green,  taken  from  the  berries,  when 
**  they  are  black ; that  being  bruifed,  and  put  into  a brafs  kettle,  and 

“ there 
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H there  fuffered  to  remain  for  three  or  four  days,  with  fome  beaten  alum  Physics. 
« put  to  them,  they  are  afterwards  preffed,  and  the  liquor  ufually  put  into  'yy^j 
46  bladders,  and  hung  up  till  it  be  dry:  this,  he  fays,  is  afterwards  diffoh 
“ ved  in  water,  or  wine,  but  canary  is  the  belt  to  preferve  the  colour 
46  from  ftarving.  The  third  is  a purplifli  colour,  made  of  the  berries, 

46  fuffered  to  grow  upon  the  bufhes,  till  the  middle,  or  end  of  November , 

“ when  they  are  ready  to  fall  of  themfelves.”  And  I try’d,  with  fuccefs, 
to  make  fuch  a kind  of  pigment  as  painters  call  fap  green,  by  a way  not 
unlike  that  here  delivered  by  our  author.  Much  after  the  fame  manner,, 
alfo,  they  make  fap-green  in  the  colour-fhops. 

30.  Many  bodies,  digefted  in  well-clofed  vefifels,  change  their  colaur  in  Changes  of 
tradl  of  time,  as  redtify’d  fpirit  of  hart’s-hom  ; and  the  fame  is  evident  in  colour  by  di - 
the  precipitations  of  amalgamsof  gold  and  mercury,  without  addition  \gIarticuhrh  a 
where,  by  the  continuance  of  a due  heat,  the  filver-coloured  amalgam  rednefs. 

is  reduced  into  a fhining  red  powder.  And  many  other  inftances  of  the 
like  kind,  might  be  produced.  Now,  in  thefe  operations,  there  appears 
no  reafon  why  we  Ihould  attribute  the  new  colours  to  the  action  of  a 
new  fubftantial  form  ; nor  to  any  increafe,  or  decreafe  of  the  fait,  ful- 
phur,  or  mercury  of  the  matter  that  acquires  them.  For  the  veffels  are 
clofed,  and  thefe  principles,  according  to  the  chy mills,  are  ingenerable, 
and  incorruptible.  So  that  the  effedl  feems  to  proceed  from  the  heat, 
agitating  and  difcompofing  the  corpufcles  of  the  body  expofed  to  it; 
which,  in  procefs  of  time,  fo  changes  its  texture,  that  the  tranfpofed  parts 
modify  the  incident  light,  otherwife  than  when  the  matter  appeared  of 
another  colour. 

3 1 . Among  the  feveral  changes  of  colour  which  bodies  acquire,  or  dif- 
clofe,  by  digeftion,  it  is  very  remarkable,  that  chy mills  find  a rednefs,  ra- 
ther than  any  other  colour,  in  mofl  of  the  tindlures  they  draw  ; and  even 
in  the  more  grofs  folutions  they  make,  of  almoft  all  concretes  that  abound 
either  with  mineral  or  vegetable  fulphur ; tho’  the  menflruum  employ’d 
about  thefe  folutions,  or  tindlures,  be  never  fo  limpid.  This  we  have 
obferved  in  abundance  of  tindlures,  drawn  with  fpirit  of  wine  from  jalap, 
guaiacum,  and  many  other  vegetables;  and  not  only  in  the  folutions  of 
amber,  benjamin,  made  with  the  fame  menftruum  ; but  alfo  in  fe- 
veral mineral  tinctures.  And,  not  to  urge  that  familiar  inftance  of  the 
ruby  of  fulphur,  as  chy mills  call  the  folution  of  flowers  of  brimftone,made' 
with  the  fpirit  of  turpentine  ; nor  to  take  notice  of  other  more  known 
examples  of  theaptnefsof  chymical  oils  to  produce  a red  colour  with  the 
fulphur  they  extradlor  diflolve  ; ’tis  remarkable,  that  both  acid  and  alka- 
line falts,  tho%  in  mofl  other  cafes,  of  contrary  operations,  will,  with 
many  bodies  thatabound  in  fulphureous,  or  oily  parts,  produce  a.  red; 
as  is  manifeft  in  the  vulgar  inftances  of  the  tindlures,  or  folutions  of 
fulphur,  made  with  lixiviums,  either  of  calcined  tartar,  or  pot-alhes, 
and  other  obvious  examples;  and  in  that  the  true  glafs  of  antimony, 
extracted  with  fome  acid  fpirits,  yields  a red  tindlure.  And  a certain 
acid  liquor  will,  in  a moment,  turn  oil  of  turpentine  into  a deep 
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Physics,  red*.  Among  the  many  inftances  I could  produce  of  the  eafy  produdtiori 
V/W  of  rednefs,  by  the  operation  of  a faline  fpirit,  as  well  as  of  fpirit  of  wine, 
two  or  three  of  them  deferve  to  be  particularly  mentioned. 

32.  But,  before  I fet  them  down,  ’tis  proper  to  premife,  that  there 
feems  to  be  a manifeft  difparity  betwixt  red  liquors ; for  fome  of  them 
may  be  faid  to  have  a genuine  rednefs,  in  comparifon  of  others  that  have 
it  yellowifh.  Thus  if  a good  tindture  of  cochineal  be  diluted  never  fo 
much  with  fair  water,  it  will  not  become  a yellow  liquor.  But  balfam  of 
fulphur,  tho’  in  a large  quantity,  it  appear  to  be  of  a deep  red  *,  yet  if 
you  fhake  the  containing  glafs,  or  pour  a few  drops  on  a fheet  of  white 
paper,  fpreading  them  on  it  with  your  finger,  what  fills  back  along  the 
fides  of  the  glafs,  or  ftains  the  paper,  will  appear  yellow.  And  there  are 
many  tindtures,  fuch  as  that  of  amber,  made  with  fpirit  of  wine,  which 
will  appear  either  yellow  or  red,  according  as  the  veffels  that  contain  them 
are  (lender  or  broad. 

33.  To  come  now  to  the  experiments  we  defigned.  Firft,  oil  or  fpirit 
of  turpentine,  tho5  clear  as  fair  water,  being  digefted  upon  the  pure  white 
fugar  of  lead,  has,  in  a (hort  time,  afforded  us  a high  red  tindture ; pro- 
bably a good  medicine. 

34.  -Secondly,  take  common  brimftone,  and  fal-armoniac,  of  each, 
finely  powdered,  five  ounces *,  of  beaten  quick-lime,  fix  ounces  *,  mix  thefe 
powders  exquifitely,  and  diftil  them  in  a retort,  placed  in  fand,  by  degrees 
of  fire*,  giving,  at  length,  as  intenfe  an  heat  as  you  can  in  fand  *,  and  there 
will  come  over  a volatile  tindture  of  fulphur,  which  alfo  may  prove  an  ex- 
cellent medicine.  Now,  tho’  none  of  the  ingredients  here  be  red,  the  di- 
ftilled  liquor  is  of  that  colour  *,  and,  if  it  be  well  drawn,  will,  upon  a 
little  agitation  of  the  vial,  firft  unftopped,  fend  out  a great  white  fume, 
which  fometimes  fpreads  wide,  and  is  very  offenfive : and  tho*  the  liquor 
itfelf  be  red,  and  its  fumes  white  ; yet  it  will  dye  the  fingers  black. 

35.  The  laft  experiment,  I fhall  now  produce,  to  (hew  how  apt  bodies, 
abounding  in  fulphureous  parts,  are  to  afford  a red  colour,  is  one  wherein 
the  operation  of  a clear  faline  fpirit  upon  a white,  or  whitifii  body,  may 
produce  a rednefs  in  the  twinkling  of  an  eye.  We  took  then,  a little  ef- 
fential  oil  of  anifeeds  congealed,  and  fpread  it  with  a knife  upon  a piece  of 
white  paper  ; when  mixing  with  it  a drop  or  two  of  well  redtified  oil  of 
vitriol,  there  immediately  emerged,  with  fome  heat  and  fmoke,  a blood- 
red  colour. 


* Mr.  Coles  found,  that  a certain  fulphu- 
reous fpirit,  mixed  with  a volatile  alkali, 
gives  a red  colour  in  a moment.  This  fpi- 
rit he  made,  by  diflilling  two  or  three  pound 
of  benjamin  with  a little  fand,  in  a retort, 
ad  ficcitatem't  and  putting  the  oil,  fpirit, 
and  flowers  together  in  a filtre  of  paper, 
when  the  fpirit  came  firft  thorough.  Put 
two  parts  of  this  fpirit  to  one  of  fpirit  of 


fal-armoniac,  and  /hake  the  containing  glafs, 
and  the  liquor  will  inllantly  turn  red;  tho’ 
they  both  were  clear  before.  The  more 
the  veflel  is  ftiook,  the  deeper  will  be  the 
red.  And  this  effett  is  produced  without 
any  eftervefcence ; whence  the  inventor 
conceives  the  experiment  may  be  of  ufe  in 
accounting  for  fanguification.  Pbilof.  Tranf. 
N°  228.  p.  542, 
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36.  Let  it  be  here  obferved,  once  for  all,  that,  in  many  of  thefe  expe-  Physics. 
riments  the  colour  produced  is  often  very  fubjeft  to  degenerate.  How- 
ever,  fince  the  changes  we  have  fet  down  happen  prefently  upon  the  ope- 
ration  of  the  bodies  on  each  other,  or  at  the  times  fpecified  ; that  is  fuffi-  lon  J c'  oun 
cient  to  fhew  what  we  intend.  For  it  is  not  effential  to  the  genuinenefs  of 
a colour  to  be  durable  ; a fading  leaf,  that  is  ready  to  rot  and  moulder  in- 
to dull,  may  have  as  true  a yellow  as  a wedge  of  gold.  And  I have  feve- 
ral  times  obferved,  that  the  mixture  made  by  the  oils  of  vitriol,  and  of 
anifeeds,  tho’  it  acquire  a thicker  confidence  than  either  of  the  ingredi- 
ents, quickly  lofes  its  colour,  and  turns  to  a dark  grey  *,  at  lead  in  the  fu- 
perficial  parts,  where  ’tis  expofed  to  the  air.  This  degeneration  of  colours 
may,  in  many  cafes,  indeed,  proceed  from  the  further  a6lion  of  the  faline 
corpufcles,  and  other  ingredients  upon  one  another ; yet  much  of  the  hid- 
den change  may  often  be  afcribed  to  the  air.  Thus  we  have  fometimes  ob- 
ferved window-curtains  of  a light  colour,  to  have  that  part  of  them  which  • 
was  expofed  to  the  air,  when  the  window  flood  open,  of  one  hue ; and 
the  lower  part,  that  was  fcreen’d  from  the  air  by  the  wall,  of  another 
colour.  And  Parkinfoni ays,  of  the  plant  turnfol,  that  “ its  berries,  when 

full  ripe,  have  within  them,  between  the  outward  skin  and  the  inward 
<c  kernel,  a certain  juice,  which  rubbed  upon  paper  or  cloth,  at  the  nrft 
<c  appears  of  a frefh  lovely  green,  but  prefently  changes  into  a kind  of 
<c  bluifh  purple.  He  adds,  that  the  fame  cloth,  afterwards  wet  in  water, 

<c  and  wrung  out,  will  turn  the  water  into  a claret  colour.  And  thefe 
“ rags  of  cloth,  fays  he,  are  thofe  ufually  call’d  turnfol  in  the  druggifts 
<c  fhops.”  I alfo  remember,  that  letting  force  of  the  deep  red  juice  of 
buckthorn  berries  drop  upon  a piece  of  white  paper,  and  leaving  it  there 
for  many  hours,  till  the  paper  was  grown  dry  again  , I found  the  juice  de- 
generated to  a dirty  kind  of  greyifh  colour  •,  which,  in  a great  part  of  the 
ftain’d  paper,  feem’d  not  to  have  fo  much  as  an  eye  of  red  : tho’  a little 
fpirit  of  fait,  or  diffolved  alkali,  would  turn  this  unpleafant  colour  into  a 
red  or  green.  And,  to  fatisfy  myfelf  that  this  degeneration  of  colour  did 
not  proceed  from  the  paper,  I dropp’d  fome  of  the  fame  juice  upon  a white 
glazed  tile ; and,  permitting  it  to  dry  thereon,  I found  it  then  alfo  loft  its 
colour. 

Having  diffolved  good  filver  in  Aqua  forth , and  precipitated  it  with 
fpirit  of  fait,  upon  Hrft  decanting  the  liquor,  the  remaining  matter  was 
purely  white  but,  after  it  had  lain  a while  uncovered,  the  part  of  it  that 
lay  contiguous  to  the  air,  not  only  loft  its  whitenefs,  but  appeared  of  a 
very  dark,  and  almoft  blackifh  colour  ; but  if  the  part  that  was  contigu- 
ous to  the  air,  were  gently  taken  off,  the  fubjacent  part  of  the  fame  mafs 
would  appear  very  white  j till  that  alfo,  having  continued  a while  expofed 
to  the  air,  would  likewife  degenerate.  Whether  the  air  produce  this  ef- 
fect by  the  means  of  a fubtile  fait,  by  a penetrating  moifture,  by  folliciting 
the  avolation  of  certain  parts  of  the  bodies  to  which  ’tis  contiguous,  or  by 
fome  other  way,  I leave  to  be  further  confidered.  ’Twere  eafy  here  to 
add  many  other  inftances  of  rednefs,  refulting  from  the  digeftion  of  bodies. 
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Physics.  I have  often  feen,  upon  the  borders  of  France , a fort  of  pear,  which,  di- 
L/YV'  gefted  with  a little  wine  in  a vedel  exa&ly  clofed,  will  foon appear  through- 
out of  a deep  red  colour.  Nay,  even  pure  white  fait  of  tartar,  and  limpid 
fpirit  of  wine,  will,  by  long  digedion,  acquire  a rednefs.  Some  other 
obvious  changes  of  colours  frequently  happen  ; fuch  as  is  the  blacknefs  of 
bodies  burned  in  the  open  air,  &c.  But  I fhall  not  at  prefent  examine  into 
the  caufes  of  thefe  changes ; tho’  certainly  the  reafon  why  the  foots  of 
different  bodies  are  almoft  all  of  them  black  ; why  fo  much  the  greater 
part  of  vegetables  fhould  be  rather  green  than  of  any  other  colour  ; and, 
particularly,  why  gentle  heat,  fo  frequently,  in  chymical  operations, 
produces  rather  a rednefs,  than  another  colour  in  digeded  mendrua,  may 
very  well  deferve  a ferious  inquiry. 

Different  37.  It  may  feem  Arrange,  that  if  the  crimfon  folution  of  cochineal,  the 
rffefts  of  an  juice  of  black-cherries,  or  of  fo  me  other  vegetables  that  afford  the  like 

acl^  lAthe  * colour,  be  let  fall  upon  a piece  of  paper  *,  a drop  or  two  of  an  acid  fpirit, 

^colours^recon-  fuch  as  fpirit  of  fait,  or  Aquafortis,  will  immediately  turn  it  into  a fair 
died.  red  ; whilfl  an  infufion  of  brazil,  in  fair  water,  will  have  its  rednefs  de- 

ftroy’d  by  a little  fpirit  of  fait,  or  Aqua  fortis  ; and  be  turn’d  either 
yellow  or  pale.  But  if  we  confider  the  cafe  attentively,  the  action  of  the 
acid  fpirit  feems,  in  both  thefe  experiments,  only  to  weaken  the  colour  of 
the  liquor  wherein  it  falls  ; and  fo  tho*  it  dedroys  rednefs  in  the  tin&ure 
of  brazil,  but  produces  it  in  the  tindlure  of  cochineal,  its  operations  may 
be  ftdl  uniform  : fince  as  crimfon  is  little  elfe  than  a very  deep  red,  with 

perhaps  an  eye  of  blue;  fo  fome  kind  of  reds  feem  to  be  little  elfe  than 

heightned  yellow  ; and  confequently  in  fuch  bodies  the  yellow  feems  to 
be  but  a diluted  red.  And  accordingly,  alkaline  folutions,  and  urinous 
fpirits,  which  feem  difpos’d  to  deepen  the  colours  of  moft  vegetable  li- 
quors, will  not  only  redore  the  folution  of  cochineal,  and  the  infufion  of 
brazil  to  the  crimfon,  from  which  the  fpirit  of  fait  had  chroged  them  into 
a truer  red  ; but  will  alfo  heighten  the  yellow  juice  of  madder  into  red, 
and  advance  the  red  infufion  of  brazil  to  a crimfon.  But  perhaps  it  will 
be  much  fafer  to  derive  thefe  changes  from  the  vary’d  texture,  than  from 
the  peculiar  kinds  of  bodies. 

The  colours  of  38.  It  might  greatly  contribute  to  the  hiftory  of  colours,  if  chymids 
the fumes  would  give  us  a faithful  account  of  thofe  to  be  obferved  in  the  fleams  of  bo- 

dies,  and  of  the  ^ies,  fublimed,  or  diflilled,  and  of  the  productions  made  by  the  coalition  of 
^form^obferved  thofe.fteams.  Thus,  for  indance,  we  find  in  diddling  pure  falt-peter,  that  at 
in  dijlillati-  a certain  jundture  of  the  operation,  the  body,  tho’ it  feem  either  crydal- 
#ns3  &c.  line,  or  white,  affords  very  red  fumes ; whild  tho’  vitriol  be  either  green  or 
blue,  its  fpirit  comes  over  in  whitifh  vapours.  The  like  colour  I have  found 
in  the  fumes  of  feveral  other  concretes,  of  different  colours  and  natures  $ 
efpecially  when  diddl’d  with  drong  fires.  And  even  foot,  as  black  as  it 
is,  has  fill’d  our  receivers  with  white  fumes.  No  iefs  obfervable  may 
the  diddl’d  liquors  be,  into  which  fuch  fumes  convene : for  tho’,  by  skill 
and  care,  a reddifh  liquor  is  attainable  from  nitre,  yet  the  common  fpirit 
of  it,  in  the  preparation  whereof  abundance  of  thefe  red  fumes  pafs 

over 
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overinto  the  receiver,  has  no  appearance  of  red.  Neither  the  fpirit  of  Physics. 
vitriol,  nor  of  foot,  is  white ; and  the  empyreumatical  oils  of  woods,  and 
other  concretes,  are  either  of  a deep  red,  or  of  a colour  between  red  and 
black.  But  ’tis  very  remarkable,  that  notwithftanding  the  great  variety 
of  colours,  to  be  met  with  in  herbs,  flowers,  and  other  bodies  ufually 
diftill’d  in  Balnea  ; yet  all  the  waters  and  fpirits  that  firft  come  over  by 
that  way  of  diftillation,  leave  the  colours  of  the  concretes  behind  them  ; 
tho’,  indeed,  there  are  one  or  two  vegetables,  not  commonly  taken  notice 
of,  whofe  diftill’d  liquors  carry  over  the  tindure  of  the  concrete  with  them. 

And  as  in  diftillation,  fo  in  fublimation,  it  were  worth  while  to  take  no- 
tice of  what  happens  to  our  purpofe,  by  performing  that  operation  in 
conveniently  fliap’d  glaffes,  wherein  the  colour  of  the  afcending  fumes 
may  be  difcern’d  ; for  it  might  afford  anaturalift  good  information,  toob- 
ferve  the  agreements,  or  differences  betwixt  the  colours  of  the  afcending 
fume^,  and  thofe  of  the  flowers  they  compofe  by  their  convention.  It 
is  evident,  that  thefe  flowers  do,  many  of  them,  greatly  differ  in  point  of 
colour  i not  only  from  one  another,  but  often  from  the  concretes  that  af- 
ford them.  Thus,  tho*  camphire  and  brimftone  afford  flowers  much  of 
their  refpedive  colours,  except  that  thofe  of  brimftone  are  a little  paler 
than  the  lumps  that  yielded  them  ; yet  the  flowers  of  red  benjamin  are 
either  white,  or  whitifh.  And,  to  omit  other  inftances,  even  that  black 
mineral,  antimony,  may  be  made  to  afford  flowers,  fome  of  them  red, 
others  grey,  and  which  is  more  ftrange,  fome  of  them  purely  white.  And 
glafs-men,  by  exquifitely  mixing  a convenient  proportion  of  brimftone, 
fal-armoniac,  and  quick-filver,  and  fubliming  them  together,  make  a 
fublimate  of  an  excellent  blue.  And  though,  upon  making  this  experi- 
ment, we  found  the  fublimate  to  be  far  from  a lovely  colour,  yet,  in  fome 
parts,  it  feem’d  bluifh,  and  was,  atleaft,  of  a colour  very  different  from 
either  of  the  ingredients  ; which  is  fufficient  for  our  prefent  purpofe.  But 
a much  finer  colour  is  promifed  by  fome  empirics,  who  tell  us,  that  or- 
piment  fublim’d,  will  afford,  among  the  parts  of  it  that  fly  upwards, 
fome  little  maffes,  which,  though  the  mineral  itfelf  be  of  a good  yellow, 
will  be  red  enough  to  emulate  rubies,  both  in  colour  and  tranfparency. 

This  experiment  may,  for  ought  I know,  fometimes  fucceed  ; for  I re- 
member, that  having  in  a fmall  bolt-head,  purpofely  fublim’d  fome  pow- 
der’d orpiment,  we  could  in  the  lower  part  of  the  fublimate,  difcern, 
here  and  there,  reddifh  lines  ; tho’  much  of  the  upper  part  of  it  confifted 
of  a matter  not  only  purely  yellow,  but  tranfparent.  And  we  have  alfo, 
by  this  means,  obtain’d  a fublimate,  which,  though  it  confifted  not  of 
rubies,  yet  fmall  pieces  of  its  lower  part,  that  were  numerous,  afforded  a 
pleafant  reddifh  fparlding  colour. 

39.  Take  the  dry’d  buds,  or  bloffoms,  of  the  pomegranate-tree,  com  -Various  chan- 
monly  called  balauftins,  pull  off  the  reddifh  leaves,  and,  by  a 
ebullition,  or  a competent  infufion  of  them  in  fair  water,  extrad  a Cjp^its  ]nthe 
faint  reddifh  tindure,  which,  if  the  liquor  be  turbid,  you  may  clarify  tinttures  of 
by  the  filtre  ; into  this,  if  you  pour  a little  fpirit  of  urine,  or  fome  other  vegetables. 
Vot-.II.  r M fpirit. 
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Physics,  fpirit,  abounding  in  the  like  fort  of  volatile  fait,  the  mixture  will  pre- 
fently  turn  of  a dark  greenifh  colour : but  if,  inftead  of  fuch  a fpirit, 
you  drop  into  the  fimple  infulion,  a little  redify’d  fpirit  of  fea-falt,  the 
pale  liquor  will  immediately  grow  more  tranfparent,  and  acquire  a high 
red,  like  that  of  rich  claret ; and  this  may  as  fuddenly  be  deftroy’d,  and 
turn’d  into  a dirty  bluifh  green,  by  the  affufion  of  a moderate  quantity 
of  the  fpirit  of  urine.  This  experiment  gives  light  to  two  others  that  I met 
within  Gaffendus.  The  experiments  as  we  made  them,  were  thefe.  We  took 
a glafs  of  luke-warm  water,  and  therein  immerg’d  a quantity  of  the  leaves 
of  fena,  upon  which  there  appear’d  no  rednefs  in  the  water  ; but  dropping 
into  it  a little  oil  of  tartar,  the  liquor  foon  became  reddifh  ; tho*  by  a lit- 
tle oil  of  vitriol,  fuch  a colour  could  not  be  extracted  from  the  infufed 
fena.  On  the  other  hand,  we  took  fome  dryed  red  rofe-leaves,  and  fha- 
king  them  in  a glafs  of  fair  water,  they  communicated  no  rednefs  to  it  ; 
but  upon  the  affufion  of  a little  oil  of  vitriol,  the  water  was  immediately 
turn’d  red  *,  which  it  would  not  have  been,  if  inftead  of  oil  of  vitriol,  we 
had  employ’d  oil  of  tartar.  Our  author  tells  us,  there  was  no  rednefs 
either  in  the  water,  the  leaves  of  fena,  or  the  oil  of  tartar  •,  yet  we  have 
found  that  by  fteeping  fena  for  a night  in  cold  water,  it  would  afford  a very 
deep  yellow,  or  reddifh  tindure,  without  the  help  of  oil  of  tartar  ; which 
feems  to  do  little  more  than  aftift  the  water  more-  fuddenly  to  extrad  a 
plenty  of  that  red  tindure  wherewith  the  leaves  of  fena  abound  : for  ha- 
ving made  a tindure  of  fena,  only  with  fair  water,  and  decanted  it  from  the 
leaves  before  it  grew  reddifh,  we  could  not  perceive,  by  dropping  fome  oil 
of  tartar  into  it,  that  the  colour  was  confiderable,  tho*  it  were  thereby  a 
little  heighten’d  into  a rednefs.  And  the  fame  thing  may  be  alledg’d  in  the 
experiment  with  red  rofe-leaves  ; for  we  found  that  fuch  leaves,  by  bareinf- 
fufion,  for  a night  and  a day,  in  fair  water,  afforded  a tindure  bordering 
upon  rednefs ; and  that  colour  being  confpicuous  in  the  leaves  themfclves, 
feem’dnot  wholly  produc’d,  but  extraded  by  the  oil  of  vitriol.  But  to  im- 
prove the  experiment,  take  the  tindure  of  red  rofe-leaves,  made  with  a little 
oil  of  vitriol,  and  a large  quantity  of  fair  water,  pour  off  this  liquor  into  a 
clear  vial,  half  fill’d  with  limpid  water,  till  the  water  held  againft  the 
light  hath  acquired  a competent  rednefs,  without  lofing  its  tranfparency : 
into  this  tindure,  drop,  leifurely  a little  fpirit  of  urine  *,  and  fhaking  the 
vial,  which  you  muft  ftill  hold  againft  the  light,  you  will  fee  the  red  liquor 
immediately  turn’d  into  a fine  greenifh  blue  ; a colour  not  to  be  found  in 
any  of  the  bodies  upon  whofe  mixture  it  enfued..  And  this  change  is  the 
more  remarkable,  becaufe  tho*  the  degeneration  of  blue  into  red,  be  ufua>, 
the  turning  of  red  into  blue,  is  very  unfrequent.  If,  upon  the  falling  of 
each  drop  of  fpirit  of  urine,  you  lhake  the  vial  containing  the  red  tindure, 
you  may  obferve  a pretty  variety  of  colours  in  the  paffage  of  that  tindure 
from  a red  to  a blue.  And  fometimes  we  have  thus  obtain’d  fuch  a 
liquor,  as  being  view’d  againft,  and  from  the  light,  feem’d  faintly  to  emu- 
late the  tindure  of  Lignum  Nepbriticu?n.  And  if  you  make  the  tindure  of 
red-rofes  very  high,  and,  without  diluting  it  with  fair  water,  pour  on 
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the  fpirit  of  urine,  you  may  have  a blue  fo  deep  as  to  render  the  liquor  Physics.’ 
opake -,  but  if  it  be  dropp’d  upon  white  paper,  the  colour  will  foon  dif- 
clofe  itfelf.  Having,  alfo,  made  the  red,  and  confequently  the  blue  tin- 
cture very  tranfparent,  and  fuffer’d  it  to  reft  in  a fmall  open  vial  for  a day 
or  two  *,  we  found  that  not  only  the  blue,  but  the  red  colour,  likewife, 
was  vanilh’d  ; the  clear  liquor  remaining  of  a bright  amber  colour,  at  the 
bottom  whereof  fubfided  a large,  light  feculency,  almoft  of  the  fame  co- 
lour ; which  feems  to  be  nothing  but  the  ting’d  parts  of  the  rofe-leaves, 
drawn  out  by  the  acid  fpirits  of  the  oil  of  vitriol,  and  precipitated  by  the 
volatile  fait  of  the  fpirit  of  urine.  This  makes  it  the  more  probable,  that 
the  rednefs  drawn  by  the  oil  of  vitriol,  was  as  well  an  extraction  of  the 
tinging  parts  of  the  rofes,  as  a production  of  rednefs.  And  laftly,  the 
colour  of  the  tinCture  of  rofes,  may  be  chang’d  by  many  other  fulphu- 
reous  falts ; as  a ftrong  folution  of  pot-afhes,  oil  of  tartar,  £sfr.  tho* 
thefe  are  feldom  fo  free  from  feculency,  as  the  fpirit  of  urine  becomes  by 
diftillation.  And  I have  a way  of  producing  a full  purple,  by  employing 
a liquor  not  made  red  artificially,  inftead  of  the  tinCture  of  red-rofes ; for 
having  by  infufmg  the  powder  of  log-wood  for  a while  in  fair  water,  made 
that  liquor  red,  I dropp’d  into  it  a little  urinous  fpirit,  as  that  of  fal-ar- 
moniac,  by  which  the  colour  was  inftantly  turn’d  into  a rich  and  lovely 
purple.  But  care  muft  be  taken  not  to  let  fall  into  a fpoonful  of  the  tin- 
Cture, above  two  or  three  drops  of  the  fpirit,  left  the  colour  become  fo 
deep  as  to  make  the  liquor  opake.  And  if  inftead  of  fair  water,  I infus’d 
the  log-wood  in  water,  made  a little  four  by  the  acid  fpirit  of  fait ; I ob- 
tain’d neither  a purple,  nor  a red,  but  only  a yellow  liquor. 

40.  The  following  experiment  is  very  furprizing  ; and,  of  all  I have 
yet  met  with,  feems  the  fitteft  to  enforce  our  doCtrine  of  colours,  and  to 
fhew  them  not  to  be  inherent  qualities,  flowing  from  the  fubftantial  forms 
of  the  bodies  whereto  they  are  faid  to  belong  *,  fince  by  a bare  mechanical 
change  of  texture,  in  the  minute  parts  of  bodies,  colours  may,  in  a moment, 
be  generated  quite  de  novo , and  utterly  deftroy’d : for  there  is  this  difference 
betwixt  the  enfuing  experiment,  and  moft  of  the  others  we  deliver,  that  in 
this,  the  colour  of  a body  is  not  chang’d  into  another,  but  betwixt  two 
bodies,  each  of  them,  a-part,  colourlefs,  there  is,  in  a moment,  generated 
a very  deep  colour,  which,  if  it  were  let  alone,  would  be  permanent  *,  and 
yet,  by  a very  fmall  parcel  of  a third  body,  that  has  no  colour  of  its  own, 
this  otherwife  permanent  colour,  will  inftantly  be  fo  utterly  deftroy’d,  as 
to  leave  not  the  leaft  fign  of  any  colour  in  the  whole  mixture.  The  expe- 
riment is  very  eafy,  and  thus  perform’d.  Take  good  common  fubli*  A colour  in- 
mate,  and  fully  fatiate  with  it  what  quantity  of  water  you  pleafe,  care-^f^' genera- 
fully  filtre  the  folution  thro’  clean  clofe  paper,  that  it  may  drop  down  clear 
and  colourlefs  as  fountain  water.  Then,  when  you  would  fhow  theexpe-  * 7 

riment,  put  about  a fpoonful  of  it  into  a fmall  wine-glafs,  or  other  conve- 
nient vefifel,  and  letting  fall  therein  three  or  four  drops  of  good  oil  of  tar- 
tar per  deliquium , well  filtred,  that  it  may  likewife  be  without  colour, 
thefe  two  limpid  liquors  will,  in  the  twinkling  of  an  eye,  turn  into  an  opake 
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mixture  of  a deep  orange-colour  *,  which,  by  continually  fhaking  the  glafs 
in  your  hand,  you  mud  prevent  from  fettling  too  foon  at  the  bottom.  And 
when  the  fpe&ators  have  view’d  this  firft  change,  prefently  drop  in  four 
or  five  drops  of  oil  of  vitriol,  and  continuing  to  fhake  the  glafs  pretty 
ftrongly,  that  it  may  the  fooner  diffufe  itfelf,  the  whole  colour  will  now 
immediately  difappear,  and  all  the  liquor  in  the  glafs  become  clear  and  co- 
lourlefs,  as  before,  without  the  lead  fedimentat  the  bottom.  But  for  the 
more  neat  performance  of  this  experiment,  obferve,  Firft,  not  to  take  too 
much  of  the  folution  of  fublimate,  nor  drop  in  too  much  of  the  oil  of 
tartar,  to  avoid  the  neceflity  of  putting  in  fo  much  oil  of  vitriol,  as  to 
caufe  an  ebullition. 

Secondly,  ’tis  convenient  to  keep  the  glafs  conftantly  in  motion,  both 
for  Ihe  better  mixing  of  the  liquors,  and  hindering,  as  we  faid,  the  yellow 
fubftance  from  fubfiding,  which  it  would  otherwife  foon  do  ; tho’  when  ’tis 
fubfided,  it  will  retain  its  colour,  and  be  deprived  of  it  by  the  oil  of  vitriol. 

Thirdly,  if  any  yellow  matter  flick  to  the  fides  of  the  glafs,  ’tis  but  in- 
clining the  veffel,  till  the  clarify’d  liquor  can  wafh  along  it,  and  the  liquor 
will  prefently  imbibe  it,  and  deprive  it  of  its  colour. 

My  notion  of  the  different  natures  of  the  feveral  tribes  of  falts,  having 
led  me  to  devife  this  experiment ; 1 can  eafily  affign  the  chymical  reafon 
of  the  phenomenon.  Having  then  obferved,  that  mercury,  diffolved  in 
fome  menftrua,  would  yield  a dark  yellow  precipitate  •,  and  fuppofing  that 
common  water,  and  the  falts  that  flick  to  the  mercury,  would,  in  this  re- 
fpecft,  be  equivalent  to  thofe  acid  menflrua  which  work  upon  the  quick- 
filver,  on  account  of  their  faline  particles  *,  I fubflituted  a folution  of  fub- 
Jimate  in  fair  water,  inflead  of  a folution  of  mercury  in  Aqua  fortis , or  fpi- 
rit  of  nitre : then,  confidering  that  what  makes  the  yellow  colour,  is  indeed 
but  a precipitate,  obtain’d  by  means  of  the  oil  of  tartar,  which  generally 
precipitates  metalline  bodies  corroded  by  acid  falts*,  fo  that  the  colour  in 
our  cafe  refults  from  the  coalition  of  the  mercurial  particles  with  the  faline 
ones,  wherewith  they  were  formerly  affociated  *,  and  with  the  alkaline 
particles  of  the  fait  of  tartar,  that  float  in  the  oil.  Confidering  alfo,  that  ve- 
ry many  effefls  of  lixivious  liquors  upon  the  folutions  of  other  bodies  may 
be  deflroyed  by  acid  menflrua,  I concluded,  that  if  I chofe  a very  flrong 
acid  liquor,  which  by  its  incifive  power  might  undo  the  work  of  the  oil  of 
tartar,  and  difperfe  again  thofe  particles  which  the  other  had,  by  precipi- 
tation, affociated  into  fuch  minute  corpufcies  as  were,  before,  fingly  invifi- 
ble,  they  would  difappear  again,  and  confequently  leave  the  liquor  as  co- 
lourlefs  as  before  the  precipitation  was  made.  This  feems  to  be  the  chymi- 
fcal  reafon  of  the  experiment,  and  is  that  which  induced  me  to  make  it.  But 
to  give  a perfeft  mechanical  folution  of  the  whole  phenomenon,  is  more 
than  I pretend  to.  However,  the  yellownefs  of  the  mercurial  folution, 
and  oil  of  tartar,  feems  produced  by  the  precipitation  occafioned  by  the 
affufion  of  the  latter  *,  as  the  deftru&ion  of  the  colour  proceeds  from  the 
diflipation  of  that  curdled  matter,  whofe  texture  is  deflroy’d,  and  the 
matter  itfelf  diffolved  into  minute  and  invifible  particles,  by  the  flrong  acid 

men- 
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menftruum:  which  is  the  reafon  why  there  remains  no  fediment  at  the  bot-  Physics. 
tom  ; the  infufed  oil  taking  it  up,  and  refolving  it  into  invifible  parts,  as 
water  diflblves  fait  or  fugar. 

But,  to  confirm  my  conjecture  as  to  the  chymical  reafon  of  our  experi- 
ment, I might  add,  that  I cannot  only  make  the  mercury  precipitate  out 
of  the  firft  Ample  folution  quite  of  a different  colour  from  that  mentioned  y 
but  if,  inftead  of  altering  the  precipitating  liquor,  I altered  the  texture  of 
the  fublimate  in  fuch  a manner,  as  my  notion  about  falts  requires,  I can 
produce  the  fame  phenomenon.  For  having  fublimed  together  equal  parts 
of  fal-armoniac,  and  fublimate,  firft  diligently  mixed,  the  afeending  flow- 
ers diffolved  in  fair  water,  and  filtred,  gave  a folution  limpid  and  colour- 
lefs,  like  that  of  the  other  fublimate  *,  and  yet  an  alkali  dropped  into  this 
liquor,  did  not  turn  it  yellow,  but  white.  And,  upon  the  fame  founda- 
tion, we  may  with  quickfilver,  unaflifted  by  common  fublimate,  prepare 
another  fort  of  flowers  difloluble  in  water,  without  difcolouring  it ; which 
will  alfo  change  its  colour  in  the  fame  manner.  And  fo  much  does  the 
colour  depend  upon  the  texture  refulting  from  the  convention  of  the  feveral 
forts  of  particles,  that  tho’,  in  our  experiment,  oil  of  vitriol  deftroys  the 
yellow  colour ; yet  with  quickfilver,  and  fair  water,  by  the  help  of  oil  of 
vitriol  alone,  we  may  eafily  make  a kind  of  precipitate,  of  a fair  and  per- 
manent yellow;  as  we  fhall  fee  hereafter.  I here  make  choice  of  oil  of 
vitriol,  becaufe,  when  well  rectified,  5tis  not  only  colourlefs  and  fcentlefs, 
but  extremely  ftrong  and  inciflve.  And  common  Aqua  fortis  will  not  per- 
form the  fame  thing  fo  well. 

This  experiment  may  be  feveral  times  repeated  with  the  fame  parcels  of 
the  liquors ; for  I found,  that  after  I had  clarifykl  the  orange-coloured 
mixture,  by  the  addition  of  as  little  of  the  oil  of  vitriol  as  would  fufHce  to 
produce  the  effect:,  I could,  at  pleafure,  re-produce  the  opake  colour,  by 
dropping  in  frefti  oil  of  tartar  ; and  deftroy  it  again,  by  the  re-affufion  of 
more  of  the  acid  menftruum : tho’,  by  the  addition  of  fo  much  new  li- 
quor, in  proportion  to  the  mercurial  particles,  the  colour  will,  at  length, 
appear  weak  and  faint. 

By  boiling  crude  antimony  in  a flrong  and  clear  lixivium,  you  may  fepa-  The  preceding 
rate  a fubftance  from  it,  call’d  by  fome  chymifts  its  fulphur;  which,  experiment  va 
when  let  fall  by  the  liquor,  upon  its  refrigeration,  often  fettles  in  flakes  of 
a yellow  fubftance.  Confidering  therefore,  that  common  fulphur,  boiled 
in  a lixivium,  may  be  precipitated  out  of  it  by  Rhenijh , or  white- wine, 
which  are  fourifh  liquors,  and  contain  an  acid  fait ; and  having  found,  by 
tryal,  that  with  other  acid  liquors  I could  precipitate  out  of  lixivious  Ad- 
vents, fome  other  mineral  concretions,  abounding  with  fulphureous  parts, 
of  which  fort  is  crude  antimony  ; I concluded  it  eafy  to  precipitate  the  an- 
timony, thus  diffolved,  with  the  acid  oil  of  vitriol.  And  tho’  common  ful- 
phur yields  a white  precipitate,  called  Lac  Sulphuris  ; yet  I fuppofed  the 
precipitated  antimony  would  be  of  a deep  yellow  colour  ; as  well,  if  made 
with  oil  of  vitriol,  as  by  refrigeration,  and  length  of  time.  From  hence 
*twas  eafy  to  deduce  this  experiment,  that  if  we  put  into  one  glafs  fome  of 
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Physics,  this  frefh  filtred  folution  of  antimony  ; and  into  another,  fome  of  the 
orange-coloured  mixture,  made  with  a mercurial  folution,  and  oil  of  tar- 
tar ; a few  drops  of  oil  of  vitriol,  let  fall  into  the  latter  glafs,  would  turn 
the  deep  yellow  mixture  into  a clear  liquor  •,  whilft  a little  of  the  fame  oil 
dropped  into  the  other  glafs,  prefently  turn’d  the  moderately  clear  folution 
into  a deep  yellow  fubftance.  But  this  fucceeds  not  well,  unlefsyou  employ 
a lixivium  that  has  lately  diflolved  the  antimony,  and  before  it  fuffers  it  to 
fall : yet,  in  fummer-time,  if  the  lixivium  have  been  duly  impregnated, 
and  well  filtred  after  it  is  quite  cold,  it  will  for  fome  days  retain  antimony 
enough  to  exhibit,  upon  the  afFufion  of  the  corrofive  oil,  as  much  of  a good 
yellow  fubftance  as  is  necefiary  to  fatisfy  the  fpe&ators  of  the  poflibility  of 
the  experiment. 

To  find  what  The  diftin&ion  of  falts  into  acid,  volatile,  and  fixed  or  alkaline,  may 
whether^cid  ufeful  m natural  philofophy,  * ** as  to  render  it  an  accep- 

vo  Utile  or  * table  corollary  of  the  preceding  experiment,  from  thence  to  deduce  a 
fix'd, predomi- method  of  trying  which,  or  whether  any  one  of  thofe  falts  is  predomi- 
natesin  an  af-  nant  [n  chymical  liquors.  We  have  already  ftiewn  a way,  by  means  of 
w fa  line  °hd\  ^ tin&ure  of  Lignum  Nephriticum , or  of  fyrup  of  violets,  to  difcover 
J y'  whether,  a fait  propofed  be  acid  or  not  yet  we  can  thereby  only  find 
in  general,  that  particular  falts  belong  not  to  the  tribe  of  acids  1 but 
cannot  determine  whether  they  belong  to  the  tribe  of  the  urinous ; (under 
which  I comprehend  all  thofe  volatile  falts  of  animal,  or  other  fubftances, 
that  are  contrary  to  acids)  or  to  that  of  alkalies : for  both  thefe  falino- 
fulphureous  falts  will  reftore  the  blue  colour  to  that  tinfture,  and  turn 
the  fyrup  of  violets  green.  The  prefent  experiment,  therefore,  commodi- 
oufly  fupplies  this  deficiency.  I found,  that  all  thofe  chymical  falts  I 
thought  fit  to  make  tryal  of,  would,  if  they  were  of  a lixivious  nature, 
make,  with  fublimate  diflolved  in  fair  water,  an  orange-tawny  precipi- 
tate ; 


* About  the  nature  of  falts.  Sir  Ifaac 
"Newton  thus  argues.  “ When  mercury 
“ fublimate  is  re-fublimed  with  freih  mer- 
“ cury,  and  becomes  Mercurius  dulcis , 
e‘  which  is  a white  taftlefs  earth,  fcarce  dif- 
6t  folvable  in  water ; and  Mercurius  dulcis 
“ re-fublimed  with  fpirit  of  fait,  returns 

**  into  mercury  fublimate  ; and  when  me- 
“ tals  corroded  with  a little  acid,  turn  into 
**  ruft,  which  is  an  earth  taftlefs,  and  in- 
“ diflolvable  in  water;  and  this  earth,  im- 
“ bibed  with  more  acid,  becomes  a metallic 
u fait ; and  when  fome  ftones,  as  fpar  of 
4t  lead,  diflolved  in  proper  menftrua,  be- 
et  come  falts;  do  not  thefe  things  fliew, 
“ that  falts  are  dry  earth  and  watery  acid 
“ united  by  attraction;  and  that  the  earth 
“ will  not  become  a fait  without  fo  much 
“ acid  as  makes  it diflolvable  in  water?  Do 
not  the  fliarp  and  pungent  taftes  of  acids 


“ arife  from  the  ftrong  attraction,  whereby 
“ the  acid  particles  nflh  upon,  and  agitate 
“ the  particles  of  the  tongue?  And  when 
“ metals  are  diflolved  in  acid  menftrua,  and 
4t  the  acids  in  conjunction  with  the  metal, 
“ aCt  after  a different  manner,  fo  that  the 
“ compound  has  a different  taft  much  milder 
“ than  before,  and  fometimes  a fweet  one; 
“ is  it  not  becaufe  the  acids  adhere  to  the 
M metallic  particles,  and  thereby  lofe  much 
“ of  their  activity  ? And  if  the  acid  be  in 
“ too  fmall  a proportion  to  make  the  com- 
“ pound  diflolvable  in  water;  will  it 
not,  by  adhering  ftrongly  to  the  metal, 
" become  unaftive,  and  lofe  its  taft,  and 
“ the  compound  be  a taftlefs  earth  ? 
“ For  fuch  things  as  are  not  diflolvable 
“ by  the  moifture  of  the  tongue,  aCl  not 
“ upon  the  taft.  As  gravity  makes  the 
“ fea  flow  round  the  denfer  and  weigh- 

“ tier 
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fate-,  but  if  they  were  of  an  urinous  nature,  the  precipitate  would  be 
white  and  milky.  So  that  having  always  at  hand  fome  fyrup  of  violets, 
and  a folution  of  fublimate  ; I can,  by  the  help  of  the  former,  immedi- 
ately difcover  whether  a propofed  fait,  or  faline  body,  be  of  an  acid  na- 
ture ; if  it  be,  I need  inquire  no  further  ; but  if  not,  I can  very  eafily  and 
readily  diftinguiffi  between  the  other  two  kinds  of  falts,  by  the  white,  or 
orange-colour,  immediately  produced  by  letting  fall  a few  drops  or  grains 
of  the  fait  to  be  examined,  into  a fpoonful  of  the  clear  folution  of  fubli- 
inate.  Thus,  for  example,  it  has  been  fuppofed,  that  when  fal-armoniac, 
mixed  with  an  alkali,  is  forced  from  it  by  the  fire  in  clofe  veffels,  the  vo- 
latile fait  thence  obtained,  is  but  a more  fine  and  fubtile  fort  of  fal-armo- 
niac  *,  which,  3 tis  prefumed,  this  operation  only  purifies  more  exquifitely 
than  common  folutions,  filtrations,  and  coagulations.  But  this  opinion 
may  eafily  be  proved  erroneous,  as  by  other  arguments,  fo  particularly 
by  our  method  of  diftinguiffiing  the  tribes  of  falts.  For  the  faline  fpirit' 
of  fal-armoniac,  as  it  is  in  many  other  manifeft  qualities  very  like  the 
fpirit  of  urine  j fo,  like  that,  it  will  inftantly  turn  fyrup  of  violets  to  a 
lovely  green  ; a folution  of  good  verdigreafe  into  an  excellent  azure  ; and 
make  the  folution  of  fublimate  depofite  a white  precipitate.  Therefore,  in 
mod  experiments,  where  I only  defign  to  produce  a fudden  change  of  co- 
lour ; I fcruple  not  to  ufe  fpirit  of  fal-armoniac,  when  at  hand,  inftead 
of  fpirit  of  urine  *,  as  indeed  it  feems  chiefly  to  con fift  of  the  volatile  uri- 
nous fait.  And  by  this  way  of  examining  chymical  liquors,  we  may  not 
only,  in  general,. conclude  affirmatively,  but,  in  fome  cafes,  negatively. 

Thus,  fince  fpirit  of  wine,  and,  as  far  as  I have  try’d,  the  chymical  oils 
will  not  turn  fyrup  of  violets  red,  or  green  j nor  the  folution  of  fublimate. 


**  tier  parts  of  the  globe  of  the  earth;  fo 
44  the  attrattion  may  make  the  watry  acid 
“ flow  round  the  comparer  particles  of 
44  earth,  for  compofing  the  particles  of 
44  fait.  For  otherwife  the  acid  would  not 
44  do  the  office  of  a medium  between  the 
44  earth  and  common  water,  for  making 
44  falts  diflolvable  in  the  water  ; nor  would 
44  fait  of  tartar  readily  draw  off  the  acid 
44  from  diflolved  metalsr  nor  metals  the 
44  acid  from  mercury.  Now,  as  in  the 
44  great  globe  of  the  earth  and  fea,  the 
44  denfeft  bodies  by  their  gravity  fink  down 
44  in  water,  and  always  endeavour  to  go 
44  towards  the  centre  of  the  globe;  fo  in 
44  particles  of  fait,  the  denfeft  matter  may 
44  always  endeavour  to  approach  the  cen- 
44  tre  of  the  particle : fo  that  a particle 
44  of  fait  may  be  compared  to  a chaos, 
44  being  denfe,  hard,  dry  and  earthy  in 
4 4 the  centre ; and  rare,  foft,  moift,  and 
44  watry  in  the  circumference.  And 


44  hence  it  feems  to  be,  that  falts  are  of  a 
44  lading  nature,  being  fcarce  deftroyed, 
44  unlefs  by  drawing  away  their  watry  parts 
44  by  violence,  or  by  letting  them  foak  into 
44  the  pores  of  the  central  earth  by  a gentle 
44  heat  in  putrefadlion,  till  the  earth  be 
44  diflolved  by  the  water,  and  feparated 
44  into  fmaller  particles;  which,  by  reafon 
4‘  of  their  fmallnefs,  make  the  rotten  com- 
44  pound  appear  of  a black  colour.  Hence 
44  alfo  it  may  be,  that  the  parts  of  animals 
44  and  vegetables  preferve  their  feveral 
44  forms,  and  affimilate  their  nourifhment; 
44  the  foft  and  moift  nourifhment  eafily 
44  changing  its  texture,  till  it  becomes  like 
44  the  denfe,  hard,  dry,  durable  earth  in 
44  the  centre  of  each  particle.  But  when 
44  the  nourifhment  grows  too  moift;  to  be 
44  aflimilated,  or  the  central  earth  grows 
4‘  too  feeble  to  affimilate  it,  the  motion 
“ ends  in  confufion,  putrefa&ion,  and 
44  death.”  Newton.  Optic,  p.  360—362. 
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Physics,  white  or  yellow,  I infer,  with  probability,  that  either  they  are  deftitute 
of  fait,  or  have  fuch  as  belongs  not  to  either  of  the  three  grand  families 
mention’d. 

And  thus,  upon  examining  the  fpirit  of  oak,  or  of  fuch  like  fubftances, 
forc’d  over  the  retort,  I found  by  this  means,  amongft  others,  that  thofe 
chymifts  are  much  miftaken,  who  make  it  a fimple  liquor  , and  one  of  their 
hypoflatical  principles  ; for,  not  to  mention  what  phlegm  it  may  have,  a 
few  drops  of  one  of  this  fort  of  fpirits,  mix’d  with  a large  proportion  of 
fyrup  of  violets,  turn’d  it  purplifh  \ by  the  affinity  of  which  colour  to  red- 
nefs,  I conjectur’d  that  the  fpirit  contain’d  fome  acid  corpufcles,  and  ac- 
cordingly found,  that  it  would  deftroy  the  bluenefs  of  the  nephritic  tin- 
cture ; and  that  being  put  upon  corals,  it  would  corrode  them  like  com- 
mon fpirit  of  vinegar,  and  other  acid  liquors.  And  to  examine  whether 
there  were  not  a great  part  of  the  liquor  of  other  than  an  acid  nature ; ha- 
ving feparated  the  four  part  from  the  reft,  we  concluded,  the  remaining 
part,  though  it  had  a ftrong  tafte,  as  well  as  fmell,  to  be  of  a nature  diffe- 
rent from  that  of  any  of  our  three  forts  of  falts;  for  it  did  as  little  as 
fpirit  of  wine,  and  chymical  oils,  alter  the  colour  of  fyrup  of  violets,  and 
a folution  of  fublimate : whence  we  alfo  inferr’d,  that  the  change  made  of 
that  fyrup  into  a purple  colour,  was  effedled  by  the  vinegar,  that  proved 
one  of  the  ingredients  of  the  liquor  which  ufually  paffes  for  a fimple,  or 
uncompounded  fpirit. 

And  by  the  fame  way  we  may  examine  and  difcover  many  changes  that 
are  produced  in  bodies,  either  by  nature  or  art ; for  both  are  able,  by 
changing  the  texture  of  fome  fubftances,  to  qualify  them  to  operate  after 
a new  manner,  upon  the  fyrup,  or  folution.  Thus  I have  difeover’d,  that 
there  are  factitious  bodies,  which,  tho’  they  run  as  readily  as  fait  of  tartar, 
belong,  in  other  refpedls,  not  to  the  family  of  alkalies,  much  lefs  to  that 
of  volatile  or  acid  falts.  Perhaps,  too,  I know  a way  of  making  a 
highly  operative  faline  body,  that  (hall  neither  change  the  colour  of  fyrup 
,of  violets,  nor  precipitate  the  folution  of  fublimate.  And  I can,  like- 
wife,  conceal  the  liquors  wherewith  I make  fuch  changes  of  colours  as 
thofe  lately  mention’d,  by  quite  altering  the  texture  of  fome  ordinary 
chymical  productions. 

W e may  here  obferve,  that  the  reafon  why  our  method  of  examining 
falts,  fucceeds  in  the  folution  of  fublimate,  depends  upon  the  particular 
texture  of  that  folution,  as  well  as  upon  the  different  natures  of  the  faline 
liquors  employ’d  to  precipitate  it.  For  gold  diffolv’d  in  Aqua  regia,  whether 
•it  be  precipitated  with  oil  of  tartar,  which  is  an  alkali,  or  fpirit  of  fal-ar- 
rooniac,  which  is  a volatile  fait,  will  either  way  afford  a yellow  fubftance  ; 
tho’  oil  of  vitriol,  itfelf,  would  not  precipitate  the  metal  out  of  the  folution, 
or  deftroy  the  colour  of  it ; notwithftanding  that  oil  will  readily  precipitate 
filver  diffolv’d  in  Aqua  fortis.  And  if  you  diffolve  pure  ftlver  in  Aquafor- 
tis^ and  fuffer  it  to  ffioot  into  cryftals,  the  clear  folution  of  thefe  made  in 
fair  water,  will  afford  a very  white  precipitate,  whether  occafion’d  by 
an  alkali,  or  an  acid  fpirit ; tho’  with  fpirit  of  fal-armoniac,  made  with 

quick- 
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quick-lime,  I cou’d  obtain  nothing  like  it ; this  volatile  fpirit,  as  alfo  that  Physics. 
of  urine,  fcarce  doing  any  more  than  ftriking  down  a very  fmall  quantity 
of  matter,  which  was  not  fo  much  as  whitilh  ; fo  that  the  remaining  li- 
quor, being  fuffer’d  to  evaporate  its  fuperfluous  moifture,  the  greateft  part 
of  the  metalline  corpufcles,  with  the  faline  ones  that  had  imbibed  them, 
coagulated  together  into  fait ; as  is  ufual  in  fuch  folutions,  when  the  metal 
has  not  been  precipitated. 

41.  From  fpirit  of  urine,  made  after  fermentation,  and  a due  propor- 
tion of  copper^ filings,  having  obtain’d  a very  lovely  azure  folution  ; I 
pour’d  into  a clean  glafs,  about  a fpoonful  of  this  liquor,  and  found  I 
could,  by  fhaking  into  it  fome  drops  of  ftrong  oil  of  vitriol,  immediately 
deprive  it  of  its  deep  colour,  and  make  it  look  like  common  water.  And 
if  into  a fmall  fpoonful  of  a folution  of  good  French  verdigreafe,  made  in 
fair  water,  I dropp’d  and  fhook  fome  ftrong  fpirit  of  fait,  or  depnlegm’d 
Aqua  forth , the  greennefs  of  the  folution  would,  in  a trice  almoft,  totally 
difappear,  and  the  liquor,  held  againft  the  light,  fcarce  appear  other  than 
clear,  or  limpid*,  which  is  therefore  remarkable,  becaufe  we  know,  that 
Aqua  fortis , by  corroding  copper,  the  thing  which  gives  the  colour  to 
verdigreafe,  ufually  reduces  it  to  a greenifh  blue  folution.  But  if  into  this 
almoft  colouriefs  liquor,  you  drop  a juft  quantity  either  of  oil  of  tartar, 
or  fpirit  of  urine,  you  may  find,  that  after  the  ebullition  is  ceas’d,  the 
mixture  will  difclofe  a lively  colour,  tho’  fomewhat  different  from  that  the 
folution  of  verdigreafe  had  originally. 

42.  But  thefe  experiments  tending  either  to  alter  the  colour  of  a body,  Onebody  chan - 
or  entirely  to  deftroy  it,  without  giving  it  a fucceffor  *,  I had  a defire  alfo,  ged  into  more, 
to  turn  a body  of  one  colour  into  two,  very  different  both  in  confiftence^^j;''^  co~ 
and  colour,  by  help  of  one  that  was  colouriefs.  In  order  to  this,  finding  lourlefs  ingre- 
the  acidity  of  fpirit  of  vinegar  to  be  wholly  deftroy’d,  by  working  upon  dient. 
Minium , I concluded,  that  the  folution  of  lead,  in  fpirit  of  vinegar, 

would  alter  the  colour  of  the  juices  and  infufions  of  feveral  plants,  after 
the  manner  of  oil  of  tartar;  and,  accordingly,  I was  quickly  fatisfied, 
upon  trial,  that  the  infufion  of  rofe-leaves  would,  by  a fmall  quantity  of 
this  folution,  well  mix’d  with  it,  be  immediately  turn’d  into  a faddiffi 
green. 

And  further,  I had  often  found,  that  oil  of  vitriol  will  precipitate 
many  bodies,  both  mineral  and  others,  diffolv’d  not  only  in  Aqua  forth , 
but  particularly  in  fpirit  of  vinegar.  I had  alfo  found,  that  the  pow- 
ders precipitated  by  this  liquor,  were  ufually  fair  and  white.  Laying 
thefe  things  together,  ’twas  not  difficult  to  conclude,  that  if  upon  a tin- 
cture of  red  rofe-leaves,  made  with  fair  water,  I dropp’d  a quantity  of  a 
ftrong  folution  of  Minium , the  liquor  would  be  turn’d  into  the  like  muddy 
green  fubftance,  whereto  oil  of  tartar  would  reduce  it  ; and  that  a conve- 
nient proportion  of  oil  of  vitriol,  would  have  two  diftind  operations  upon 
the  mixture  ; the  one,  to  precipitate  the  diffolv’d  lead  in  the  form  of 
a white  powder  ; the  other,  to  clarify  the  muddy  mixture,  and  both 
reftore,  and  exceedingly  heighten  the  rednefs  of  the  infufion  of  rofes: 
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Physics,  and  making  the  experiment  accordingly,  in  a conical  glafs,  that  the 
fubfiding  powder  might  feem  to  pofiefs  the  more  fpace,  and  be  the  more 
confpicuous ; I found,  upon  (ha  king  the  green  mixture,  that  the  colour’d 
liquor  might  be  the  more  equally  difpers’d,  a few  drops  of  the  rectified 
oil  of  vitriol,  prefently  turn’d  the  opake  liquor  into  one  that  was' clear 
and  red,  almoft  like  a ruby  ; and  threw  down  a large  quantity  of  a pow- 
der, which,  when  fettled,  would  have  appeared  very  white,  if  fomeinter- 
fpers’d  particles  of  the  red  liquor  had  not  a little  allay’d  the  purity,  tho’ 
it  did  not  blemifh  the  beauty  of  the  colour. 

And  to  (how  that  thefe  effects  flow  from  the  oil  of  vitriol,  as  it  is  a ftrong 
acid  menftruum,  that  has  the  property  both  to  precipitate  lead,  as  well 
as  fome  other  fubflances,  out  of  fpirit  of  vinegar,  and  to  heighten  the  co- 
lour of  red  rofe-leaves  ; I have  done  the  fame  thing,  tho’,  perhaps,  not 
quite  fo  well,  with  fpirit  of  fait,  but  could  not  do  it  with  Aquafortis ; 
becaufe  tho’  that  potent  menftruum,  as  well  as  the  others,  heightens  the 
rednefs  of  rofes,  yet  it  would  not,  like  them,  precipitate  lead  out  of  fpi- 
rit of  vinegar,  but  rather  diflolve  it.  And  as,  by  this  way,  we  have  pro* 
duc’d  a red  liquor,  and  a white  precipitate,  out  of  a dirty  green  magiftery 
of  rofe-leaves  ; fo,  by  the  fame  method,  we  may  produce  a fair  yellow, 
and  fometimes  a red  liquor,  and  the  like  precipitate  out  of  an  infuflon  of  a 
curious  purple  colour.  For,  I lately  intimated,  that  I had,  with  a few 
drops  of  an  alkali,  turn’d  the  infuflon  of  log-wood  into  a lovely  purple  ; 
but  if,  infteadof  that  alkali,  I fubftituted  a very  ftrong,  and  well-filtred 
folution  of  Minium , made  with  fpirit  of  vinegar  ; and  took  about  half  as 
much  of  this  liquor  as  there  was  of  the  infuflon  of  log-wood  ; a conve- 
nient proportion  of  fpirit  of  fait,  would,  if  the  liquors  were  briskly  fhbok 
together,  prefently  (trike  down  a precipitate  like  the  former,  and  turn  the 
liquor  that  fwam  above  it,  for  the  moft  part,  into  a lovely  yellow. 

But  to  advance  this  experiment  a little  further,  I conflder’d,  that  in 
cafe  I firft  turn’d  a fpoonful  of  the  infuflon  of  log- wood  purple,  by  a 
convenient  proportion  ofthe  folution  of  Minium ; the  afluflon  of  fpiritof  fal- 
armoniac,  would  precipitate  the  corpufclesoflead,  conceal’din  thefolution 
of  Minium,  and  yet  not  deftroy  the  purple  colour  of  the  liquor  ; whereupon 
l thus  proceeded.  I took  about  a fpoonful  of  the  frefh  tincture  of  log- wood, 
( for  if  it  be  ftale,  the  experiment  will  not  always  fucceed)  and  having  put  to 
it  a convenient  proportion  of  the  folution  of  Minium,  to  turn  it  into  a 
deep  and  almoft  opake  purple  ; I then  dropp’d  in  as  much  fpirit  of  fal- 
armoniac  as  Iguefs’d  would  precipitate  about  half  the  lead  ; and  imme- 
diately ftirring  the  mixture  well  together,  I mix’d  the  precipitated  parts 
with  the  others,  fo  that  they  fell  to  the  bottom,  partly  in  the  form  of  a 
powder,  and  partly  in  the  form  of  a curdled  fubftance,  that  retain’d,  as 
well  as  the  upper  liquor,  a bluifh  purple  colour,  fufflciently  deep;  and 
then  inftantly  pouring  in  a pretty  quantity  of  fpirit  of  fait,  the  matter 
ftrft  precipitated,  was,  by  the  conical  figure  of  the  glafs,  preferv’d  from 
the  fpirituous  fait,  which  fuddenly  precipitated  upon  it  a new  bed  of  white 
powder,  or  the  remaining  corpufcles  of  the  lead,  that  the  urinous  fpirit  had 
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not  flruck  down  ; fo  that  there  appear'd  in  the  glafs,  three  diftin<5t  and  Phvsics. 
very  differently  colour’d  fubftances  ; a purple,  or  violet-colour’d  precipitate 
at  the  bottom  ; a white  and  carnation  precipitate  over  that  •,  and,  at  the 
top  of  all,  a tranfparent  liquor,  of  a lovely  yellow,  or  red. 

Thus,  tho’  to  fome,  I may  feem  to  have  hit  on  this,  and  the  like  expe- 
riments, by  chance;  whilft  others  imagine  they  proceed  from  fomeextraor- 
dinary  infight  into  the  nature  of  colours;  yet,  indeed,  the  contrivance  of 
them  need  not  to  be  look’d  upon  as  any  great  matter,  in  one  who  is  a little 
vers’d  in  my  notions  about  the  differences  of  falts.  # 

43.  That  the  colour  of  a body  may  be  chang’d  by  a liquor,  which,  o { Changes  of  ec- 
itfelf,  is  colourlefs,  provided  it  be  faline,  we  have  already  fhewn  by  a mul- 
titudeof  inftances  ; and  the  thing  does  not  appear  Arrange,  becaufe  falin ^ bod^Jlffpnng- 
particles  fwimmingup  and  down  in  liquors,  have  been  often  obferv’d  to  water. 
a <5t  powerfully  in  the  production  and  change  of  colours:  but  it  has  feem’d 
furprizing  to  many,  unacquainted  with  chymical  operations,  that  a white 
dry  body  fhould  immediately  acquire  a new  rich  colour,  upon  the  bareaf- 
fufion  of  clear  fpring  water.  And  yet  the  way  of  producing  fuch  a change 
of  colours,  may  be  eafily  hit  on  by  thofe  who  often  make  folutions  of  mer- 
cury. For  we  have  try’d,  that  tho’  by  evaporating  a folution  of  quick- 
filver  in  Aquafortis , till  the  remaining  matter  began  to  be  tolerably  dry,  fair 
water,  pour’d  on  the  remaining  calx,  turn’d  it  but  a little  yellowifh  ; yet, 
when  we  took  good  quick-filver,  and  three  or  four  times  its  weight  of  oil 
of  vitriol,  and  in  a glafs  retort  drew  off  the  faline  menftruum  from  the  me- 
talline liquor,  till  there  remain’d  a dry  fnow-white  calx  at  the  bottom  ; 
upon  pouring  on  it  a large  quantity  of  fair  water,  we  did,  almoft  in  a 
moment,  perceive  it  to  pafs  to  one  of  the  lovelieft  light  yellows  that  ever 
we  beheld.  And  the  turbith  mineral  is  of  a colour  not  much  inferior  to 
this  ; tho’  it  be  often  made  with  a different  proportion  of  the  ingredients, 
and  after  a more  troublefome  manner.  But  this  colour,  tho’  fo  exquifitely 
fine,  and  fo  greatly  wanted  by  painters,  is,  I fear,  too  coflly  to  be  em- 
ploy’d by  them,  unlefs about  curious  pieces  ; tho’  I do  not  know  how  well 
it  will  agree  with  every  pigment,  efpecially  with  oil-colours. 

And  whether  this  experiment  be  really  of  another  nature,  than  thofe 
wherein  faline  liquors  are  employ’d,  may  be  fo  plaufibly  doubted,  that 
whether  the  water  pour’d  on  the  calx,  do  barely,  upon  imbibing  fome 
of  its  faline  parts,  alter  its  colour,  changing  its  texture  ; or  whether  by 
diffolving  the  coagulated  falts,  it  becomes  a faline  menftruum,  and,  as 
fuch,  operates  upon  the  mercury,  I leave  to  be  confider’d.  I have,  how- 
ever, feveral  times,  with  fair  water,  wafh’d  from  this  calx  abundance  of 
flrongly- tailed  corpufcles,  which,  by  the  abftradtion  of  the  menftruum,  I 
could  reduce  into  fait. 

But,  to  fhew  how  much  a real  and  permanent  colour  may  be  call’d  out 
by  a liquor  that  has  neither  colour,  nor  fo  much  as  faline,  or  other  active 
parts ; provided  it  can  but  bring  the  parts  of  the  body  it  imbibes,  to  convene 
into  clufters,  difpos’d  after  a particular  manner,  we  made  the  following 
experiment. 
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Physics.  44.  We  put  fome  powder  of  good  common  vitriol  into  a crucible,  and 
kept  it  melted  in  a gentle  heat,  till,  by  the  evaporation  of  fome  parts,  and 
A permanent  the  tranfpofition  of  the  reft,  it  had  quite  loft  its  former  colour;  what  re- 
€fry  ^particular  main’d  we  took  out,  and  found  it  to  be  a friable  calx,  of  a dirty  grey  co- 
arrangement  lour  : on  this  we  pour’d  fair  water,  which  it  did  not  tinge  either  green  or 
of  parts . blue,  but  only  feem’d  to  make  a muddy  mixture  with  it;  then  flopping 

the  vial  wherein  the  ingredients  were,  we  let  it  ftand  in  a quiet  place  for 
fome  days.  The  water  having  now  diffolv’d  a large  part  of  the  imperfectly 
m calcin’d  body ; the  vitriolic  corpufcles  fwimming  to  and  fro  in  the  liquor, 
had  time,  by  their  occurfions,  to  conftitute  many  little  mafies  of  vitriol, 
which  gave  the  water  they  impregnated,  a fair  vitriolic  colour  ; and  this 
liquor  being  pour’d  off,  the  remaining  dirty  powder,  in  time,  communi- 
cated the  like  colour,  but  not  fo  deep,  to  a fecond  parcel  of  clear  water, . 
that  we  pour’d  on  it. 

Various  colours  45-  ^ maY  contribute  to  fhew  how  much  fome  colours  depend  upon  the 
produced  in  lefs  or  greater  mixture,  and  contemperation  of  light  with  (hades,  to  ob- 
different  parts  ferVe  how  the  number  of  particles  of  the  fame  colour,  either  receiv’d  into 
liquor  am  pores  of  a liquor,  or  fwimming  up  and  down  in  it,  may  feem  greatly^ 

to  vary  the  colour  of  it.  I could  produce  feveral  inftances  of  folid  bodies, 
wherein,  if  the  colour  be  not  a light  one,  as  white,  yellow,  or  the  like, 
the  clofenefs  of  parts  in  the  pigment,  makes  it  look  blackifh  ; tho’  when 
laid  on  but  thinly,  it  will,  perhaps,  appear  blue,  green,  or  red : but  I 
/hall  rather  infift  upon  liquors,  than  dry  bodies. 

If,  then,  you  put  a little  fair  water  into  a clear  (lender  vial,  and  Jet  fall  in- 
to it  a few  drops  of  a ftrong  decotftion,  or  infufion,  of  cochineal,  or  of  bra- 
zil, the  ting’d  drops  will  defcend  like  little  clcuds  into  the  liq.or,  thro* 
which,  it  by  (baking  the  vial,  you  ditfufe  them,  they  will  turn  the  water  of 
a pink  colour;  by  dropping  in  a little  more  of  the  decotffion*  you  may 
heighten  the  colour  into  a fine  red,  almoft  like  that  of  rubies;  and  by 
continuing  the  aifufion,  the  liquor  may  be  brought  to  a kind  of  crim- 
fon,  and  afterwards  to  a dark  opake  rednefs.  And  whilft  the  li- 
quor paffes  from  one  of  thefe  colours  to  the  other,  you  m y ob ferve 
many  lefs  noted  colours,  bordering  upon  red,  to  which  it  is  not  eafy  to 
alfign  names;  efpecially  confidering  how  much  the  proportion  of  the  de- 
ception to  the  fair  water,  and  the  llrength  of  that  decoPtion,  may,  with 
other  circumftances,  vary  the  phenomena  of  this  experiment.  But,  to 
make  it  with  the  greater  conveniency,  we  ufe,  inftead  of  a vial,  a (lender 
pipe  of  glafs,  of  about  a foot  in  length,  and  about  the  thicknefs  of  a man’s 
little  finger  : for,  if  leaving  one  end  of  this  tube  open,  you  feal  up  the  o- 
ther  hermetically,  or  otherwife  exuPlly  ftop  it,  you  have  a glafs,  wherein 
may  be  obferv’d,  the  variations  of  the  colours  of  liquors,  much  better 
than  in  large  vials  ; and  wherein  experiments  of  this  nature,  may  be  made 
with  very  (mail  quantities  of  liquor.  And  in  this  pipe,  may  be  produc’d 
various  colours,  in  the  various  parts  of  the  liquor,  and  be  kept  long  fwitri- 
ming  upon  one  another,  unmix’d. 
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It  has  excited  the  admiration  of  fome  perfons  to  fee  what  a variety  of  co-  pH 
36urs  we  have  fometimes  produced  in  fuch  glafles,  by  the  bare  infufion  of  \^/ 
brazil,  variouQy  diluted  with  fair  water,  and  altered  by  the  mfufion  of 
feveral  chymical  fpirits,  and  other  faline  colourlefs  liquors  ; and  when  the 
whole  mixture  is  reduced  to  an  uniform  degree  of  colour,  I have  made  it 
appear  to  be  of  colours  gradually  differing,  by  pouring  it  into  glades  of  a 
conical  figure.  Or  even  take  a large  round  vial,  fill  it  with  the  red  infu- 
fion of  brazil,  hold  it  againfl  the  light,  and  you  will  difcern  a notable 
difference  betwixt  the  colour  of  that  part  of  the  liquor  which  is  in  the  bo- 
dy of  the  vial,  and  that  which  is  more  pervious  to  the  light,  in  the  neck. 

I once  had  a glafs,  and  a blue  liquor,  which  was  chiefly  a certain  folu- 
rion  of  verdigreafe,  fo  fitted,  that  tho’  in  other  glafles  the  experiment 
would  not  fucceed  ; yet  when  this  particular  glafs  was  filled  with  that  fo- 
lution,  it  appeared  in  the  body  of  the  vial  of  a lovely  blue,  and  in  the  neck 
of  a manifefl  green.  I had  alfo,  a broad  piece  of  glafs,  which  being 
viewed  againfl  the  light,  feem’d  clear  enough  ; and,  held  from  the  light, 
appeared  very  little  difcoloured : yet  it  was  a piece  knock’d  off  from  a 
great  lump  of  glafs,  to  which  if  we  rejoin’d  it,  where  it  had  been  broken 
off,  the  whole  mafs  appeared  green  as  grafs. 

I have,  likewife,  feveral  times  ufed  bottles  and  floppies,  both  made  of 
the  very  fame  metal  ; and  yet  whilft  the  bottle  appeared  only  inclining  to 
green,  the  flopple  was  of  fo  deep  a colour,  that  it  could  hardly  be  thought 
poflible  they  fhould  be  the  fame  materials.  And  I have  by  me  a flat 
glafs,  on  which,  if  I look  againfl  the  light  with  the  broad  fide  obverted 
to  my  eye,  it  appears  like  a good  ordinary  window-glafs ; but  if  I turn 
the  edge  of  it  to  my  eye,  and  fland  in  a convenient  pofition,  with  regard 
to  the  light,  it  emulates  an  emerald. 

I have  fometimes  made  a fluid  kind  of  pigment,  which,  dropped  on  a 
piece  of  white  paper,  appears,  where  any  quantity  of  it  falls,  of  a crim- 
fon  colour;  but,  being  fpread  thinly  on  the  paper,  prefently  exhibits  a fair 
green. 

Let  me  add,  that  having  made  many  experiments  with  that  blue  fub- 
flance,  called  by  the  painters  litmafe  ; we  have  fometimes  obferved,  that 
being  diflblved  in  a due  proportion  of  fair  water,  the  folution,  either  op- 
pofed  to  the  light,  or  dropped  upon  white  paper,  appeared  of  a deep 
colour,  betwixt  crimfon  and  purple ; yet,  when  fpread  very  thin  on  the 
paper,  and  fuffered  to  dry  there,  the  paper  was  thereby  flain’d  of  a fine 
blue.  This  experiment  alfo  fucceeded,  when  made  on  a flat  piece  of  pure 
white  glazed  earth.  And  having  let  fall  a few  drops  of  the  flrong  infu- 
fion of  this  litmafe,  in  fair  water,  into  a fine  cryifal  glafs,  fhaped  like  an 
inverted  cone,  and  almofl  fill’d  with  clear  water;  1 had  the  pleafure  to 
fee  thefe  few  tinged  drops,  varioufly  difperfing  themfelves  thro’  the  lim- 
pid water,  exhibit  many  colours,  or  varieties  of  purple  and  crimfon. 
But  when  the  corpufcles  of  the  pigment  feem’d  to  have  equally  diffufed 
themfelves  thro’  the  whole  ; by  adding  to  it  two  or  three  drops  of  fpirit  of 
fait,  we  perceived  it  firft  made  an  odd  change  in  the  colour  of  the  liquor. 
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Physics,  as,  well  as  a vifible  commotion  among  its  fmall  parts,  and  in  a fhort  time 
>yYV  changed  it  wholly  into  a very  glorious  yellow,  like  that  of  a topaz.  After 
this,  if  I let  fall  a few  drops  of  a ftrong  heavy  folution  of  pot-aflies* 
whofe  weight  would  quickly  fink  it  to  thefharp  bottom  of  the  glafs ; there 
would  foon  appear  four  very  pleafant  and  diftindt  colours  : viz.  a faint 
bright  one,  at  the  fharpeft  part  of  the  glafs  ; a purple,  a little  higher  ; a 
deep  and  glorious  crimfon,  in  the  confines  betwixt  the  purple  and  the  yel- 
low ; and  an  excellent  yellow,  the  fame  that  before  adorn’d  the  whole  li- 
quor, reaching  from  thence  to  the  top  of  the  glafs.  And  if  I poured,  very 
gently,  a little  fpirit  of  fal-armoniac  upon  the  upper  part  of  this  yellow, 
there  would  alfo  arife  there  a purple,  or  a crimfon,  or  both;  fo  that  the 
unaltered  part  of  the  yellow  liquor  appeared  intercepted  betwixt  the  two 
neighbouring  colours.  Hence  we  need  not  be  furprized  at  the  tricks  of 
thofe  mountebanks,  who  are  commonly  called  water-drinkers.  For  tho* 
not  only  the  vulgar,  but  many  perfons  far  above  that  rank,  have  wonder- 
ed to  fee  a man,  after  drinking  large  quantities  of  fair  water,  return  it  in 
the  form  of  claret,  fack  and  milk ; yet  having  by  chance  had  occafion  to 
oblige  a wanderer,  who  made  a profelfion  of  this,  and  other  juggling 
tricks,  he  ingenuoufly  confeffed  to  me,  that  the  art  confided  rather  in  a 
few  trick’s  than  any  great  skill  in  altering  the  nature  and  colours  of  things. 
And  I fufpeCt  there  may  be  a great  deal  of  truth  in  a little  pamphlet, 
printed  long  ago  in  Englifh  ; wherein  the  author  undertakes  to  difeover, 
from  the  confeffion  of  fome  of  the  accomplices  themfelves,  that  a famous 
water-drinker,  then  much  admired  in  England , performed  his  pretended 
tranfmutations  of  liquors  by  the  help  of  two  or  three  inconfiderable  pre- 
parations and  mixtures  of  obvious  fluids  ; and  chiefly  of  an  infufion  of 
brazil  varioufly  diluted  and  made  pale,  yellowifh,  &c.  with  vinegar. 
And,  for  my  part,  what  moft  furprizes  me  in  this  affair,  is,  that  the 
drinkers  can  take  down  fo  much  water,  and  fpout  it  out  again  with  vio- 
lence; tho’  cuftom,  and  a vomit  feafonably  taken  before-hand,  may  in 
fome  of  them  greatly  facilitate  the  work.  But  as  for  the  changes  they 
make  in  liquors,  thofe  are  but  few  and  flight. 

Changes  of  4 6 . Helmont  ufed  to  make  a preparation  of  fteel,  which  a very  ingenious 

C greatly  depend  fometimes  employs  for  a Succedaneum  to  the  fpaw- waters  ; di- 

upon  the pecu - luting  this  EJJentia  Martis  liquida , as  he  calls  it,  with  a due  proportion  of 
liar  texture  of  water.  And  tho*  this  preparation  be  almoft  of  the  colour  of  a German 
the menjlruum.  amethyft,  and  confequently  remote  from  green ; yet  a very  few  drops  of  it 
.being  let  fall  into  a large  proportion  of  Rhenijh^  or  white- wine,  it  immediate- 
ly turns  them  to  a lovely  green.  By  which  phenomenon  we  may  learn  how 
requifite  it  is  in  experiments,  about  the  changes  of  colours,  carefully  to 
regard  the  circumftancesof  them  ; for  water  will  not,  as  I have  purpofe- 
ly  try’d,  concur  to  the  production  of  any  fuch  green  ; nor  did  it  give 
that  colour  to  moderate  fpirit  of  wine,  wherein  I diflolved  it : and  wine 
itfelf  is  a liquor  that  few  would  fufpeCt  able,  of  a fudden,  to  work  any 
fuch  change  in  a metalline  preparation  of  this  nature.  And  to  fatisfy 
myfelf  that  this  new  colour  proceeds  rather  from  the  peculiar  texture  of 
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the  wine,  than  from  any  greater  acidity  that  Rhenijh , or  white  wine  has,  Physics. 
in  comparifon  of  water  ; I fharpened  the  folution  of  this  eflence  in  fair  V^V\^ 
water,  with  a large  quantity  of  fpirit  of  fait  ; and  then  the  mixture  ac- 
quired no  greennefs. 

To  vary  the  experiment  a little,  I try’d,  that  if  into  fome  Rhenijh  wine 
made  green  by  this  eflence,  I dropped  an  alkaline  folution,  or  urinous  fpi- 
rit*, the  wine  would  prefently  grow  turbid,  and  of  an  odd  dirty  colour. 

But  if  inftead  of  diflolving  the  eflence  in  wine,  I diflolved  it  in  fair  water, 
lharpen’d  with  a little  fpirit  of  fait*,  then  either  the  urinous  fpirit  of  fal- 
armoniac,  or  the  folution  of  the  fixed  fait  of  pot-afhes,  would  immediately 
turn  it  of  a yellowifh  colour;  the  fixed  or  ruinous  fait  precipitating  the 
vitriolic  fubftance  contained  in  the  eflence.  And  as  our  eflence  imparts  a 
greennefs  to  wine,  but  not  to  water;  Olaus  IVormius  tells  us  of  a rare 
kind  of  turn-fol  he  had,  whofe  beautiful  rednefs  would  be  eafily  commu- 
nicated to  water,  but  fcarce  to  wine,  and  not  at  all  to  fpirit  of  wine  : in 
which  la  ft  circumftance  it  agrees  with  our  eflence,  tho’  they  difagree  in 
other  particulars. 

47.  I have  often  taken  notice,  that  metals,  as  they  appear  to  the  eye.  The  different 
before  they  come  to  be  altered  by  other  bodies,  exhibit  colours' very  difln ^-colours  of 
rent  from  thofe  which  the  fire,  or  a menftruum,  either  feparately  or  con- Tentjlates. 
jointly,  produce  in  them  ; efpecially  confidering,  that  thefe  metalline 
bodies  are,  after  all  their  difguizes,  reducible  not  only  to  their  former 
confidence,  and  other  more  eflential  properties,  but  to  their  colour  too  ; 
as  if  nature  had  given  them  an  external  and  an  internal  colour.  But,  upon 
a more  attentive  confideration  of  this  difference  of  colours,  it  feems  probable 
to  me,  that  many  of  thofe  we  call  internal,  are  rather  produced  by  the 
coalition  of  metalline  particles  with  thofe  of  the  falts,  or  other  bodies 
employ’d  to  work  on  them,,  than  by  the  bare  alteration  of  the  parts  of 
the  metals  themfelves.  Of  thefe  adventitious  colours  of  metalline  bodies, 
the  chief  forts  fee m to  be  three  ; viz.  fuch  as  are  produced  by  the  foie 
a 61  ion  of  the  fire;  fuch  as  emerge  from  the  coalition  of  metalline  par- 
ticles, with  thofe  of  fome  menftruum  employ’d  to  corrode,  or  precipitate 
the  metal  ; and,  laftly,  the  colours  afforded  by  metalline  bodies,  either 
melted  with,  or  otherwife  penetrating  into  others,  efpecially  fuch  as  are 
fufible. 

As  to  the  firft  of  thefe  colours  ; ’tis  well  known  to  chymifts,  that  tin 
calcined  by  fire  alone,  affords  a white  calx  ; and  lead*  by  the  fame  means* 
yields  that  common  red  powder  we  call  Minium  ; cbpper  alfo,  calcined 
jp crfe , by  a long  or  violent  fire,  gives  a very  dark  or  blackifti  powder; 
iron,  iikewife,  may,  by  the  a6tion  of  reverberated  flames,  be  turn’d  into 
a colour  almoft  like  that  of  faffron,  as  we  fee  in  the  preparation  of  Crocus 
Martis  per  fe ; and  mercury,  by  the  power  of  fire,  will  be  turn’d  into  a 
red  powder,  call’d  precipitate fe. 

Befides,  the  fame  metal  may,  by  the  fucceflive  operations  of  the  fire, 
receive  leveral  adventitious  colours  *,  as  is  evident  in  lead,  which,  before 
it  arrives  at  fo  deep  a colour  as  that  of  Minium , may  pafs  thro’  feveral 
others.  And, 
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Physics.  And,  not  only  the  Calces , b"ut  the  glaffes  of  metals,  vitrify’d per  _/?, 
may  have  colours  different  from  the  obvious  or  natural  colours  of  the  me- 
tal ; as  I have  obferved  in  the  glafs  of  lead,  made  by  long  expofing  that 
metal  crude  to  a violent  fire.  I have  likewife  feen  a piece  of  very  dark 
glafs,  which  an  ingenious  artificer,  who  fhewed  it  me,  profeffed  he  made 
of  filver  alone,  by  an  extreme  violence  of  the  fire. 

Minerals  alfo,  by  the  aCtion  of  the  fire,  may  be  brought  to  afford  co- 
lours very  different  from  their  own  * as  was  obferved  about  the  varioufly 
coloured  flowers  of  antimony.  To  which  we  may  add,  the  whitifh  grey 
colour  of  its  calx,  and  the  yellow  or  reddifh  one  of  the  glafs,  into  which 
that  calx  may  be  fluxed.  And  vitriol,  calcined  with  a very  gentle  heat, 
and  afterwards  with  higher  degrees  of  it,  may  be  made  to  pafs  thro*  fe- 
veral  colours,  before  it  defcends  to  a dark  purplifh  one,  whereto  a ftrong 
fire  will  at  length  reduce  it. 

48.  The  adventitious  colours  produc’d  in  metals,  by  faline  liquors,  are 
many  of  them,  well  known  to  chymifts.  That  gold,  dififolv’d  in  Aqua 
regia , communicates  its  own  colour  to  the  menftruum,  is  a common  obfer- 
vation;  but  the  folutions  of  mercury,  in  Aqua  fortis , are  not  generally 
obferv’d  to  give  any  notable  tinCture  to  the  menftruum  ; tho*  fometimes, 
when  the  liquor  fir  ft  falls  upon  the  quicklilver,  1 have  obferv’d  a very  re- 
markable greennefs,  or  bluenefs  to  be  produc’d.  Tin,  corroded  by  Aqua 
forth , till  the  menftruum  will  work  no  farther  on  it,  becomes  exceeding 
white  *,  and  eaflly,  of  itfelf,  acquires  the  confidence  not  of  a metalline 
calx,  but  of  a coagulated  matter,  fo  like  either  to  curdled  milk,  or  curd- 
led whites  of  eggs,  that  a perfon  unacquainted  with  fuch  folutions,  might 
eafily  be  miftaken  in  it.  But  when  I purpofelv  prepar’d  a menftruum 
that  wou’d  diffolve  it,  as  Aqua  fortis  diffolves  filver,  not  barely  corrode 
it,  and  quickly  let  it  fall  again  *,  I remember  no  particular  colour  in  thefo- 
lution:  as  if  the  more  whitifh  metals  did  not  much  tinge  their  menftrua, 
tho*  the  high-colour’d  ones,  as  gold  and  copper,  do.  For  lead  diffolv’d 
in  fpirit  of  vinegar,  or  Aqua  fortis , gives  a clear  folution:  and,  if  the 
menftruum  be  abltraCted,  appears  either  diaphanous,  or  white.  And ’tis 
worth  noting,  that  tho’  when  iron  is  diffolv’d  in  oil  of  vitriol,  diluted  with 
water,  it  affords  a fait,  or  magiftery,  fo  like  in  colour,  as  well  as  fome  other 
qualities,  to  green  vitriol,  that  chymifts  properly  call  it,  Viiriolum  Martis  ; 
yet,  by  changing  the  menftruum,  and  pouring  upon  the  fil  ngs  of  fteel. 
Aqua  fortis , inftead  of  oil  of  vitriol,  I obtain’d  not  a green,  but  a faffron- 
colour’d  folution,  or  rather  a thick  liquor,  of  a deep  yellowifh  red. 
Common  filver,  diffolv’d  in  Aqua  fortis , yields  a folution  ting’d  like  that 
of  copper-,  which  is  not  to  be  wonder’d  at,  becaufe,  in  coining  filver, 
they  give  it  an  allay  of  copper  ; and  what  is  fold  for  refin’d  filver,  is  not 
fo  perfectly  free  from  that  ignobler  metal,  but  that  a folution  of  it  in  Aqua 
fortis  will  give  its  tinCture  to  the  menftruum.  But  we  could  not  obferve, 
upon  the  folution  of  fome  filver  perfectly  refin’d,  that  the  menftruum, 
tho’  held  againft  the  light,  in  a cryftal  vial,  manifeftly  difclos’d  any  tin- 
cture ; only  it  fometimes  teem’d  not  quite  deftitute  of  a very  faint  bluifla 
caft.  But 
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But,  of  all  the  metals,  there  is  not  one  which  fo  eafily  and  conftantly  PhysIcs: 
difclofes  its  colour  as  copper.  For,  irt  acid  menftrua,  as  Aqua  fortisy  and  L/YV 
fpirit  of  vinegar,  it  not  only  gives  a bluifh  green  folution  ; but  if  it  be  al- 
rn.oft  any  way  corroded,  it  appears  of  one  of  thofe  two  colours.  And  fo 
conftant  is  the  difpoiition  of  copper,  notwithftanding  the  difguize  artifts 
put  upon  it,  to  difcover  its  colour,  that  we  have,  by  forcing  it  up  with  fal- 
armoniac,  obtain’d  a fublimate  of  a bluifh  caff.  Nay,  a famous  chymift 
affirms,  that  the  very  mercury  of  it  is  green  *,  but  till  he  teaches  us  an  in- 
telligible way  of  making  fuch  a mercury,  we  muft  content  ourfelves  to 
fay,  that  we  have  had  a cupreous  body  precipitated  out  of  a ffiftffi’d  li- 
quor, which  feem’d  to  be  the  fulphur  of  that  metal,  and  even  when  fla- 
ming, appear’d  of  a greenifh  colour.  And,  indeed,  copper  is  a metal 
fo  eafily  wrought  upon,  by  liquors  of  feveral  kinds,  that,  I might  fay, 

I know  not  any  mineral  which  concurs  to  the  production  of  fuch  a variety 
of  colours,  as  copper  diffolv’d  in  feveral  menftrua,  viz.  fpirit  of  vinegar. 
Aquafortis , Aqua  regia , fpirit  of  nitre,  of  urine,  of  foot,  oils  of  feveral  kinds, 

&c.  if  the  variety  of  them  were  not  comprehended  within  the  limits  of 
greeniffi  blue,  or  bluifh  green. 

But  being  defirous  to  try  if  I could  not  with  crude  copper  make  a green 
folution,  without  the  bluiffinefs  that  ufually  accompanies  it,  I concluded 
upon  two  menftrua,  which,  tho’  I had  not  known  employ’d  to  work  on 
this  metal,  prov’d  fuccefsful  ; the  one  was  fpirit  of  fugar,  and  the  other, 
oil,  or  fpirit  of  turpentine,  which  affords  a fine  green  folution,  ufeful  on 
feveral  occafions.  And  yet  to  fhew  that  the  adventitious  colour  may  re- 
fult  as  well  from  the  true  and  permanent  copper  itfelf,  as  the  falts  where- 
with ’tis  corroded ; if  you  take  a piece  of  good  Dantzick  copperas,  or 
any  other  vitriol  wherein  copper  is  predominant,  and  having  moiften’d  it 
with  fair  water,  rub  it  upon  a bright  piece  of  iron,  or  fteel  ; it  will  (as 
we  have  formerly  faid)  prefently  ftain  it  with  a reddiffi  colour,  like  that  of 
copper. 

We  have  fometimes  try’d  what  colours  fuch  minerals  as  tin-glafs,  anti- 
mony, fpelter,  £s?r.  would  yield  in  feveral  menftrua.  The  like  we  have 
alfo  done  with  ftones*,  among  which,  that  famous  one  call’d  by  Helmonty 
P aracelfus' s Ludus , has  afforded  in  menftrua  able  to  diffolve  fo  folid  a ftone, 
fometimes  a yellowiffi,  and  fometimes  a red  folution.  And  from  minerals 
I have  obtain’d,  with  feveral  menftrua,  very  different  colours  ; and  fome 
fuch,  as,  perhaps,  would  fcarce  be  expected  from  fuch  bodies. 

The  colours  of  metals  may,  in  many  cafes,  be  further  alter’d,  by  em- 
ploying either  precipitating  falts,  or  other  convenient  fubftances,  to  a ft 
upon  their  folutions.  If  quickfilver  be  diffolv’d  in  Aqua  forth , and  pre- 
cipitated out  of  the  folution,  either  by  water  impregnated  with  fea-falt,  or 
the  fpirit  of  that  concrete,  it  falls  to  the  bottom  in  the  form  of  a white  pow- 
der; but  if  precipitated  with  an  alkali,  it  affords  a yellowifli  powder  * and 
if  no  precipitation  be  made,  and  the  menftruum  be  drawn  off  with  a con- 
venient fire,  the  corroded  mercury  will  remain  at  the  bottom,  and  may  be 
made  to  appear  of  different  colours,  by  different  degrees  of  heat. 
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Thus  having  abftradted  Aqua  fortis  from  fome  quick- filver  that  we  had 
diffolv’d  in  it,  till  there  remain’d  a white  calx:  by  expofing  that  to  feveral 
degrees  of  fire,  and  afterwards  to  a naked  one,  we  obtain’d  fome  new  co- 
lours; and  at  length,  the  greateft  part  of  the  calx  lying  at  the  bottom  of 
the  vial,  and  being  brought  partly  to  a deep  yellow,  and  partly  to  a red 
colour,  the  reft  appear’d  elevated  to  the  top  and  neck  of  the  vial ; fome 
in  the  form  of  a reddifh,  and  fome  of  an  afh-colour’d  fublimate.  And 
even  the  fuccedaneum  to  a menftruum,  may  fometimes  ferve  to  change  the 
colours  of  a metal.  The  lovely  red,  which  painters  call  vermilion,  is  made 
of  mercury,  which  appears  of  the  colour  of  filver  ; and  of  brimftone, 
which  refembles  that  of  gold,  fublim’d  up  together  in  a certain  proportion. 

49.  The  third  of  the  principal  kinds  of  adventitious  colours  in  metals, 
is  that  produc’d  by  aflociating  them,  efpecially  when  calcin’d  with  other 
fufible  bodies,  and  efpecially  Venice , and  other  fine  colourlels  forts  of 
glafs. 

I formerly  gave  an  example  of  a metal,  imparting  a colour  to  glafs, 
very  different  from  its  own,  in  fhewing  how  filver  turns  it  to  a lovely 
golden  colour  ; I fhall  now  add,  that  tho’  I learn’d  from  one  of  the  chief 
artificers  in  painted  glafs,  that  thofe  of  his  trade  colour  it  yellow,  with  a 
preparation  of  the  calx  of  filver  ; yet,  having  mix’d  a few  grains  of 
fhell- filver,  fuch  as  is  employ’d  with  the  pencil  and  pen,  with  a conve- 
nient proportion  of  powder’d  cryftal-glafs,  and  kept  them  for  two  or 
three  hours  in  fufion,  I was  furpriz’d  to  find  the  melted  mafs  appear, 
upon  breaking  the  crucible,  of  a lovely  fapphirine  blue  : which  made  me 
fufpeft  my  fervant  might  have  brought  me  a wrong  crucible;  but  he 
conftantly  affirm’d  it  to  be  the  fame  wherein  the  filver  was  put  ; and 
confiderable  circumftances  countenanc’d  his  affertion : whence,  till  farther 
trial,  I fufpedt  either  that  filver,  which  is  not  very  probable,  brought  to  a 
perfect  fufion  with  glafs,  may  impartother  colours  thereto,  than  when  neal’d 
upon  it ; orelfe,  which  is  lefs  unlikely,  that  tho’  filver-beaters  ufually 
chufe  the  fineft  coin  they  can  get,  as  that  which  fpreads  moft  under  the 
hammer  ; yet  the  leaf  filver,  whereof  this  ftiell-filver  was  made,  might 
retain  fo  much  copper,  as  to  give  the  predominant  tindture  to  the 
glafs. 

Take  it,  as  another  inftance  of  the  adventitious  colours  of  metals,  that 
tho’  copper,  calcin’d  per  fe,  affords  but  a dark  and  bafely  colour’d  calx, 
yet  the  glafs-men  tinge  their  glafs  green  therewith.  And,  I remember, 
when  taking  fome  crude  copper,  and  by  frequent  ignition,  and  quenching 
it  in  water,  till  we  had  reduced  it  to  a darkifh-colour’d  powder*; 
and  afterwards  keeping  it  in  fufion  in  about  a hundred  times  its  weight 
of  fine  glafs,  we  obtain’d  a blue-colour’d  mafs,  which  wou’d,  perhaps, 
have  been  green,  if  we  had  hit  upon  the  right  proportion  of  the  materials, 
the  degree  of  fire,  and  the  time  wherein  it  ought  to  be  kept  in  fufion. 
But  tho’  copper  thus  gives  fomewhat  near  the  like  colour  to  glafs,  that  it 
comniunicates  to  Aquafortis  ; yet  it  feems  worth  inquiring,  whether  thofe 
new  colours,  which  mineral  bodies  difclofe  in  melted  glafs,  proceed  from 
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the  coalition  of  the  corpufcles  of  the  mineral  with  the  particles  of  the  Physics. 
glafs,  or  from  the  adion  of  the  alkaline  fait  (a  principal  ingredient  of 
glafs)  upon  the  mineral  body  ; from  the  concurrence  of  both  thefe  caufes, 
or  from  any  other. 

We  may  obferve,  that  putty,  made  by  calcining  together  a proportion 
of  tin  and  lead,  as  it  is  itfelf  a white  calx  ; fo  it  turns  the  matter  of  the 
purer  fort  of  glafs,  wherewith  it  is  melted,  into  a white  mafs  ; which,  ii 
it  prove  opake  enough,  is  employ’d  for  white  amel. 

When  the  materials  of  glafs,  melted  with  calcin’d  tin,  have  com- 
pofed  an  opake  white  mafs  ; ’tis  made  the  bafis  of  all  thofe  fine  con- 
cretes the  goldfmiths,  and  feveral  artificers  employ  in  the  curious  art  of 
enamelling : for  this  white  fufible  fubffance  receives  and  preferves  the 
colours  of  many  other  mineral  fubftances,  which,  like  it  felf,  will  endure 
the  fire. 

And,  as  it  appears,  that  feveral  minerals  will  impart  to  fufible  maffes, 
colours  different  from  their  own  ; fo,  by  the  making  and  compounding  of 
amels,  it  is  manifeft,  that  many  bodies  will  both  retain  their  colour  in  the 
fire,  and  impart  the  fame  to  fome  others  wherewith  they  were  vitrify’d. 

Thus  we  formerly  faw,  that  a blue  and  yellow  compofed  a green  amel. 

And  ’tis  pretty  to  fee,  that  fome  colours  are  of  fo  fixed  a nature,  as  to  be 
capable  of  mixture,  without  receiving  any  damage  from  the  fire  ; and 
that  mineral  pigments  may  be  mix’d  by  it,  almofl  as  regularly  and  fuc- 
cefsfully  as  the  vulgar  colours,  by  the  help  of  water,  in  the  vats  of 
dyers. 

Both  metalline,  and  other  mineral  bodies,  may  be  employ’d  to  give  tin- 
<dures  to  glafs ; and ’tis  worth  obferving,  howfmall  a quantity  of  fome 
mineral  fubftances  will  tinge  a comparatively  vaft  proportion  of  it. 

We  have  fometimes  attempted  to  colour  glafs  even  with  precious  ftones  ; 
and  had  no  caufe  to  think  the  experiment  ill  beftow’d.  ’Tis  known  that 
the  artificers  in  glafs  tinge  their  metal  blue,  with  thatdark  mineral,  zaffora, 
which  fome  would  have  to  be  a mineral  earth  ; others,  a ftone  ; and  others, 
again,  neither;  but  it  is  confeffedly  of  a dark,  not  a blue  colour.  ’Tis, 
likewife,  a remarkable  practice  among  them,  that  they  employ  magnanefe 
to  exhibit  in  glafs,  not  only  other  colours  than  its  own,  (wherein  it  is  fo 
like  to  the  load-ftone,  that  it  is  given  by  mineralifts  for  one  reafon  of  its 
Latin  name  Magnefta  ) but  colours  different  from  one  another : for  tho’ 
they  ufe  it  to  clarify  their  glafs,  and  free  it  from  thatbluifh  greenifti  colour, 
which  it  wou’d  otherwife  be  fubjed:  to ; yet  they  alfo  employ  it  in  cer- 
tain proportions,  to  tinge  their  metal,  both  with  a red  colour,  and  with  a 
purplifh,  or  murrey;  and,  by  putting  in  a greater  quantity,  they  alfo 
make  with  it  that  deep  obfcure  glafs,  which  paffes  for  black.  And  this 
agrees  very  well  with  what  we  formerly  obferv’d  of  the  apparent  blacknefs 
of  thofe  bodies  that  are  over-charg’d  with  the  corpufcles  of  fuch  pigments, 
as  are  red,  blue,  green,  &c. 
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Physics.  And  as  by  feveral  metals,  and  other  minerals,  we  can  give  various  co- 
lours  to  glafs  ; fo,  on  the  other  hand,  from  the  different  colours  that  mi- 
Jneafy  method  neraj  oreS3  or  other  mineral  powders,  by  being  melted  with  glafs,  difclofe 
are:.  m'nir"s  therein,  a probable  conjecture  may  be  often  made  of  the  metal,  or  known 
mineral,  that  a propos’d  ore  either  contains,  or  is  neareft  allied  to.  And 
this  eafy  method  of  examining  ores,  may,  in  fome  cafes,  prove  very  fer- 
viceable  ; but  great  circumfpeCtion  is  requifite  to  keep  it  from  proving 
fallacious,  upon  account  of  the  variations  of  colour,  producible  by  the 
different  proportions  that  may  happen,  betwixt  the  ore  and  the  glafs  ; by 
the  richnefs  and  poornefs  of  the  ore  itfelf;  by  the  degree  of  fire;  and  es- 
pecially by  the  length  of  time,  during  which  the  matter  is  kept  in  fufiom 
There  is  another  way,  different  from  thofe  already  mentioned,  whereby 
metals  may  be  brought  to  exhibit  adventitious  colours.  And,  in  this  cafe, 
the  metal  does  not  fo  much  impart  a colour  to  another  body,  as  receive 
one  from  it  ; or  rather,  both  bodies,  by  the  new  texture  refulting  from 
their  mixture,  produce  a new  colour.  I will  not  here  infift  upon  the  ex- 
amples afforded  us  by  yellow  orpiment,  and  common  fea-falt ; from 
which,  fublimed  together,  chymifts  unanimoufly  affirm  their  white  or  cry- 
ftalline  arfenic  to  be  made:  but  ’tis  worth  noting,  that  tho’  yellow  orpi- 
ment be  acknowledged  by  far  the  mod:  predominant  of  the  two  ingredients 
of  arfenic;  yet  arfenic,  duly  added  to  the  higheft  coloured  metal,  cop- 
per, wiien  in  fufion,  gives  it  a whitenefs  both  within  and  without.  Thus,, 
alfo,  Laps  Calaminaris  changes  and  improves  the  colour  of  copper,  by 
turning  it  into  brafs.  And  I have  fometimes,  by  the  help  of  zink,  duly 
mixed  after  a certain  manner,  given  to  copper  as  rich  a golden  colour  as 
ever  I faw  in  the  beft  true  gold. 

The  way  of  ma-  Upon  knowing  the  different  methods  of  producing  the  adventitious  co- 
hng  counter-  lours  of  metals  and  minerals  in  bodies  capable  of  vitrification,  depends 
feit gems.  the  pretty  art  of  making  counterfeit  gems:  for  whilft  pure  fand,  or  cal- 
cined cryftal,  gives  the  body  in  their  preparation;  ’tis,  for  the  moft  parr, 
fome  metalline  or  mineral  calx,  mixed  in  a fmall  proportion  with  it,  that 
gives  the  colour.  Calcined  lead,  fufed  with  fine  white  fand,  or  cry- 
ftal, reduced  by  ignitions  and  fubfequent  extinctions  in  water,  to  a fub- 
tile  powder,  will,  of  it  felt,  be  brought,  by  a due  decodtion,  to  give  a 
clear  mafs,  coloured  like  a German  amethyft.  But  this  colour  may  be 
eafily  over-powered  by  thofe  of  feveral  other  mineral  pigments,  fo  that 
with  a glafs  of  lead  you  may  emulate  the  frefli  and  lovely  green  of  an  eme- 
rald ; tho’,  in  many  cafes,  the  colour  which  the  lead  itfelf,  upon  vitrifica- 
tion, tends  to,  may  vitiate  that  of  the  pigment  defign’d  to  appear  in  the 
mafs.  Thefe  colours  alfo  depend  fo  much  upon  the  texture  of  the  materials, 
that  we  have  made  the  glafs  of  lead  itfelf,  compofed  of  about  three  parts 
of  litharge,  or  Minium , fufed  with  one  of  cryftal,  or  fand,  very  finely  pow- 
dered, pafs  thro’  different  colours,  according  as  we  kept  it  more  or  lefs 
in  fufion.  But  the  degrees  of  co&ion,  and  other  circumftances,  may  fo 
vary  the  colour  produced,  that,  in  a fmall  crucible,  I have  had  frag- 
ments 
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merits  of  the  fame  mafs  ; in  fome  of  which,  perhaps,  not  fo  big  as  a ha-  Physics. 
zel-nut,  four  diftindt  colours  might  be  difcerned. 

Befides  the  three  mentioned  forts  of  adventitious  colours  in  metals, 
there  may  be  others  reducible  under  the  fame  head  ; of  which  I (hall  in- 
(tance  only  in  two. 

The  fird  is  afforded  us  from  the  pradtice  of  fcarlet-dyers.  A moft  fa- 
mous mader  in  this  art  allured  me,  that  neither  he,  nor  others,  can  (trike 
the  lovely  colour,  called  the  bow-dye,  unlefs  their  materials  be  boiled  in 
veffels  of  a particular  metal.  Secondly,  metals  will  afford  uncommon  co- 
lours, by  imbuing  feveral  bodies  with  folutions  of  them,  made  in  proper 
menftrua.  Thus,  tho’  copper,  plentifully  diffolved  in  Aqua  fortis , will 
communicate  to  feveral  bodies  the  colour  of  that  folution ; yet  fome  other 
metals  will  not ; as  I have  often  try’d.  Gold,  diffolved  in  Aqua  regia , 
dyes  the  nails  and  skin,  the  hafts  of  knives,  and  other  things  made  of 
ivory,  not  with  a yellow,  but  a purple  colour  ; which,  tho’  it  manifeft 
itfelf  but  (lowly,  is  very  durable,  and  can  fcarce  ever  be  wafhed  out. 

Thus  we  formerly  faid,  that  the  purer  cryftals  of  fine  filver  made  with 
Aqua  fortis , tho*  they  appear  white,  will  prefently  dye  the  skin  and  nails 
of  a black,  not  to  be  wafhed  off  like  ordinary  ink.  And  many  other 
bodies  may,  in  the  fame  manner,  be  dy’d,  fome  of  a black,  and  others  of 
a blackifh  colour. 

Mineral  folutions,  alfo,  may  produce  colours  different  from  thofe  o {Mineral  folu- 
the  liquors  themfelves.  I (hall  not  fetch  an  example  of  this  from  what  s ™ad]Feve 

happens  in  the  faking  of  beef,  which  often  appears  green,  and  fometimes  from  their 

of  a reddifh  colour,  when  boil’d  ; nor  (hall  I infill  on  the  practice  of  gi v-ozvn, 
ing,  by  falt-peter,  and  a certain  proportion  of  common  fait,  a fine  red- 
nefs  to  fuch  fle(h  as  would  otherwife  appear  purely  white : I rather  chufe 
to  fay,  that  I have  feveral  times  found  a folution  of  the  fulphur  of  vitriol, 
or  even  of  common  fulphur,  tho*  the  liquor  appeared  clear,  immediately 
to  tinge  a piece  of  new  coin,  or  other  clean  filver,  fometimes  with  a gol- 
den, fometimes  with  a deeper,  and  more  reddifh  colour;  according  to  the 
(Irengthof  tne  folution,  and  the  quantity  of  it,  that  chanced  to  adhere  to 
the  metal.  This  renders  it  the  lefs  furprizing,  that  the  water  of  the  hot 
fpring  at  Bath , abounding  with  diffolved  fubdances  of  a very  fulphureous 
nature,  fhould,  for  a while,  tinge  fuch  pieces  of  coin  yellow,  as  are  for  a 
due  time  immerfed  in  it.  And  even  vegetable  liquors,  whether  by  dege- 
neration, or  by  altering  the  texture  of  the  body  that  imbibes  them,  may 
(lain  other  fubftances  with  colours  very  different  from  their  own.  ’Tis  af- 
firmed, that  the  green  juice  of  Alcanna  dyes  the  skin  and  nails  of  a lading 
red. 

50.  Meeting,  in  an  Italian  author,  with  a way  of  preparing  what  he  The  method  of 
calls  a Lacca  of  vegetables,  by  which  the  Italians  mean  a kind  of  extract  preparing  a 
fit  for  painting,  like  that  rich  Lacca , in  Englifi)  commonly  call’d  lac,  em ve&eta' 
ploy’d  by  painters  as  a glorious  red  ; and  finding  the  experiment  confide- 
rable,  but  very  imperfectly  related,  we  improved  upon  it  in  the  following 

manner : 
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Physics,  manner:  tho’  the  thing,  as  there  delivered,  is,  by  th  z Italians  > efteem’d 
t/W  a great  fecret. 

Put  what  quantity  of  powdered  turmeric  you  pleafe  into  fair  water ; 
adding  to  every  pound  of  that  liquor  a large  fpoonful  of  a very  ftrong 
lixivium  of  pot-afhes,  clarify ’d  by  filtration  5 let  all  this  fimmer  over  a foft 
fire  in  a clean  glazed  earthen  veflel,  till  you  find,  by  the  immerfion  of  a 
iheet  of  white  paper,  that  the  liquor  is  fufficiently  impregnated  with  the 
golden  tin&ure  of  the  turmeric : then  take  the  decoftion  off  the  fire,  and 
filtre  or  ftrain  it  ; and  afterwards,  leifurely  dropping  into  it  a ftrong  fo- 
lution  of  roch-alum,  the  deco&ion  will,  as  it  were,  be  curdled  ; and  the 
tinged  part  of  it  either  emerge,  fubfide,  or  fwim  up  and  down  in  little 
yellow  flakes:  when,  if  you  pour  this  mixture  into  a funnel,  lined  with 
cap-paper,  the  liquor  that  formerly  filcred  yellow,  will  now  pafs  clear, 
and  leave  its  tinged  parts  behind  in  the  filtre  ; into  which  fair  water  muft 
be  fo  often  poured,  till  the  matter  therein  contain’d  be  dulcify’d  ; that  is, 
till  the  water  paffes  thro’  it,  as  taftelefs  as  when  it  was  poured  on.  IJut 
if,  without  filtration,  you  would  obtain  the  flakes  of  this  vegetable  lac, 
pour  a large  quantity  of  fair  water  upon  the  decodlion,  after  the  affufion 
of  the  aluminous  folution  ; and  you  fhall  find  the  liquor  to  grow  clearer, 
and  the  lac  to  fettle  together  at  the  bottom,  or  emerge  to  the  top  of  the 
water  : tho’,  fometimes,  having  not  employ’d  a fufficient  quantity  of  fair 
water,  the  lac  has  partly  fubfided,  and  partly  emerged,  leaving  all  the 
liquor  clear  in  the  middle.  But,  to  make  this  lac  fit  for  ufe,  it  muft,  by 
repeated  affufions  of  frefh  water,  be  dulcify’d  from  the  adhering  falts,  as 
well  as  that  feparated  by  the  filtre  ; and  be  fpread  to  dry  leifurely  upon 
pieces  of  cloth,  with  brown  paper,  chalk,  or  bricks  under  them,  to  imbibe 
the  moifture. 

Alum , being  a ’Tis  fuppofed,  that  the- magiftery  of  vegetables,  obtain’d  by  this  means, 
*5-/r '/naJtIr  con^^s  °nly  the  more  foluble  and  coloured  parts  of  the  refpedtive  plant 
acid  VBmay  foat  afo°rds  It*  But  I muft  take  the  liberty  to  queftion  the  fuppofition  : 
whe'nufed  for,  according  to  my  notion  of  falts,  alum,  tho’ to  fenfe  a homogeneous 
asaprecipi-  body,  ought  not  to  be  reckoned  among  true  falts,  but  is  to  be  look’d  upon 
tate>  be , it-  as  a ]^incj  0f  magiftery ; fince,  as  native  vitriol  contains  both  a faline  fub- 
tated!  C ftance,  and  a metal  corroded  and  affociated  with  it  ; fo  alum,  ( which  is  fo 
near  allied  to  vitriol,  that,  in  fome  places  of  England , the  fame  ftone  will 
fometimes  afford  both  ) feems  manifeftly  to  contain  a peculiar  kind  of  acid 
fpirit  generated  in  the  bowels  of  the  earth,  and  a kind  of  ftony  matter  dif- 
folved  by  it.  In  making  our  ordinary  alum,  ’tis  true,  the  workmen  ufe 
theafhesof  a fea-weed,  vulgarly  called  kelp,  and  urine*,  yet  I am  in- 
form’d, that  here  in  England , there  is,  befides  the  fadlitious  alum,  ano- 
ther fort  made  by  nature,  without  the  help  of  thofe  additions.  Now, 
confidering  this  compofition  of  alum,  and  that  alkaline  falts  precipitate 
what  acid  ones  have  difiolved  j I could  not  but  fufpetft  that  the  curdled 
matter,  call’d  the  magiftery  of  vegetables,  may  have  in  it  a confiderable 
proportion  of  a ftony  fubftance,  precipitated  out  of  the  alum  by  the  lixi- 
vium 
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vium  wherein  the  vegetable  had  been  boiled.  And,  to  fhew  there  is  no  Physics. 
necefiity  thatall  the  curdled  fubftance  mu  ft  belong  to  the  vegetable  *,  I took 
a ftrong  folution  of  alum,  and  having  filtred  it ; by  pouring  in  a conve- 
nient quantity  of  a ftrong  folution  of  pot-alhes,  I prefently  turn’d  the 
mixture  into  a white  curdled  matter ; which,  committed  to  the  filtre,  left 
a great  quantity  of  a very  white  ftony  calx,  that  feem’d  to  be  of  a mineral 
nature,  as  well  from  other  figns,  as  that  little  bits  of  it  being  put  upon  a 
live  coal,  they  did  neither  melt,  nor  fly  away,  whilft  that  was  blown  up- 
on ; and  a quantity  of  this  white  fubftance,  being  for  a long  time  kept  in 
a red-hot  crucible,  was  neither  diminiftied  nor  fpoiled  : hot  water  too, 
wherein  I kept  another  parcel  of  fuch  calx,  feem’d  only  to  wafh  away  the 
loofer  fa  Its  from  the  ftony  fubftance.  And  I have,  by  gentle  exhalation, 
recovered  from  the  liquor  that  patted  thro’  the  filtre,  and  left  this  calx  be- 
hind, a body,  in  appearance  like  fait ; for  ’twas  very  white,  and  confided 
ol  innumerableexceeding  {lender  fhining  particles,  which  would,  in  part, 
eafily  melt  at  the  flame  of  a candle,  and,  in  part,  fly  away  with  fome 
little  nolle.  I have  likewife,  with  urinous  falts,  fuch  as  the  fpirit  of  fal- 
arrnoniac,  as  well  as  with  the  fpirit  of  urine,,  and  even  with  ftale  urine 
undiftilled,  eafily  precipitated  fuch  a white  calx  out  of  a limpid  folution  of 
alum.  Upon  the  whole,  circumfpedtion  is  required  in  judging  of  the  na- 
ture of  aluminous  liquors  by  precipitation  ; otherwife,  we  may  fometimes 
imagine  that  to  be  precipitated  out  of  a liquor  by  alum,  which  is  rather 
precipitated  out  of  alum  by  the  liquor. 

Tins  method  of  making  lacs  we  have  alfo  pradtifed  with  madder,  which 
yielded  us  a red  lac  •,  and  with  rue,  which  afforded  an  extradt  nearly  of 
the  fame  colour  with  that  of  its  leaves.  But,  becaufe  ’tis  here,  principally, 
the  alkaline  fait  of  the  pot-afhes,  which  enables  the  water  fo  powerfully 
to  extract  the  tindlure  of  the  vegetables  ; I fear  the  decodtion  will  not  al- 
ways be  of  the  very  fame  colour  with  the  vegetable  it  is  made  of  For 
lixivious  falts,  tho’,  by  penetrating  and  opening  the  bodies  of  vegetables, 
they  prepare  and  difpofe  them  to  part  with  their  tindlure  readily  ; yet  they 
not  only  draw  out  fome  tindlures,  but  likewife  alter  them : as  will  eafily 
appear  from  feveral  of  the  experiments  already  delivered.  And  tho* 
alum  be  of  an  acid  nature,  and  may,  in  fome  cafes,  deftroy  the  adventi- 
tious colours  produced  by  the  alkali,  and  reftore  the  former  ; yet  we  have 
produced  examples,  that,  in  many  cafes,  an  acid  will  not  reftore  a vege- 
table fubftance  to  the  colour  deftroy’d  by  an  alkaline  fait ; but  make  it- 
affume  a third,  very  different  from  both.  Befides,  I have,  after  this 
manner,  made  magifteries  of  brazil,  of  cochineal,  and  of  other  things, 
red,  yellow,  or  green  ; that  appeared,  fome  of  them,  of  a rich  colour, 
and  others  of  no-bad  one : in  fome,  however,  the  colour  of  the  lac  feem’d 
rather  inferior  to  that  of  the  plant  j and  in  others  again,  both  very  diffe- 
rent, and  much  worfe. 

But  ’tis  time  to  conclude  this  sketch  of  a hiftory  of  colours. 
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I fliall  attempt  to  build  no  theory  * upon  the  experiments  and  obferva~ 
tions  here  delivered  ; but  leave  the  fubjeft  to  the  profecution  of  others. 
I only  make  it  my  requeft,  that  the  reader  would  not  prefently  conclude 
me  miftaken  in  giving  the  matters  of  fa&  concerning  the  changes  of 
colours  fet  down,  tho’  he  fhould  not  immediately  find  them  exactly  agree- 
able to  his  own  experiments.  For,  befides  the  contingencies  to  which  this 
kind  of  trials  is  obnoxious,  the  omifiion  or  variation  of  a feemingly  in- 
confiderable  circumftance,  may  hinder  the  fuccefs  of  an  experiment, 


* From  the  difcoveries  of  Sir  Ifaac  New- 
ton we  may  now  fettle  the  whole  theory  of 
colours ; which,  as  it  regards  natural  bodies, 
is,  in  lhort,  this. 

Firft,  ’tis  found  by  experience,  that  the 
rays  of  light  are  compofed  of  diflimilar  par- 
ticles; that  is,  fome  of  them  are,  probably, 
larger  than  others : as  appears  from  their 
different  refrangibility. 

2.  Thofe  particles  of  light  which  are 
moft  refracted,  make  rays  of  a violet  co- 
lour ; that  is,  the  moft  minute  particles  of 
light,  being  thus  feparately  colleded,  pro- 
bably excite  the  fhorteft  vibrations  in  the 
Retina ; which  are  thence  propagated  to 
the  brain,  along  the  folid  Capi/lamenta  of 
the  optic  nerves,  and  there  excite  the  fenfe 
of  a violet  colour,  the  moft  faint  and  lan- 
guid of  all  colours ; whilft  the  particles 
which  are  leaft  refraded,  make  a red  ray; 
that  is,  the  greateft  particles  of  light  make 
the  longeil  vibrations  in  the  Retina  ; and  fo 
excite  the  fenfation  of  red,  the  moft  vivid 
colour  : the  other  particles,  according  to 
their  feveral  intermediate  degrees  of  mag- 
nitude and  refrangibility  , exciting  the 
intermediate  colours ; almoft  in  the  fame 
manner  as  the  vibrations  of  the  air,  by 
their  different  magnitudes,  caufe  different 
founds. 

3.  The  colours  of  thefe  rays  are  not  ad- 
ventitious modifications  of  them,  but  ori- 
ginal, primitive,  and  neceffary  properties, 
depending,  probably,  upon  the  magnitudes 
of  their  parts ; and  being  conftant  and  im- 
mutable, they  are  unalterable  by  any  farther 
refradion,  reflexion,  or  other  modification 
whatever. 

4.  As  light  is  feparated  into  rays  of  dif- 
ferent colours  by  the  refradions  of  a glafs 
prifm,  and  other  grofs  bodies  ; fo  it  is  dif- 
ferently feparable  by  very  thin  plates  of 
any  tranfparent  matter : for  all  fuch  plates 
that  have  lefs  than  a determinate  thicknefs. 


fuffer  the  rays  of  all  colours  to  pafs  thro' 
them,  and  refled  none  : but  as  their  thick- 
nefs is  increafed  in  an  arithmetical  pro- 
portion, they  begin  to  refled,  firft  the 
blue  rays,  then  the  green,  yellow,  and  pure 
red;  next,  the  blue,  green,  yellow,  and 
red,  more  dilute  and  mixed  ; till  at  length, 
at  a certain  thicknefs,  they  refled  all  the 
rays  of  light  intimately  united  together,  as 
they  fall  thereon;  that  is,  white.  But  on 
whatever  parts  thefe  thin  plates  refled  any 
colour,  as  blue  for  inltance,  they  there  trans- 
mit the  contrary  colour ; as,  in  this  cafe,  a 
red  or  yellow. ' 

5.  Now  all  natural  bodies  confift  of  very 
thin  tranfparent  plates,  which  being  fo  laid 
together,  that  no  refledions  or  refradions 
can  be  made  in  their  interftices,  the  body 
becomes  tranfparent : but  if  the  diftances 
between  them  u-e  fo  great,  or  fill’d  with 
fuch  a matter,  or  are  fo  empty  of  matter, 
that  many  reflexions  and  refradions  are 
made  within  the  body,  this  body  will  be  o- 
pake.  And,  therefore,  thofe  opake  bodies 
which  confift  of  the  thinneft  plates,  are 
black;  thofe  which  confift  either  of  the 
thickeft,  or  of  fuch  as  differ  greatly  in  their 
thickneis  from  one  another,  whence  confe- 
quently  they  become  fit  to  refled  all  co- 
lours, are  white  : but  fuch  as  confift  of 
plates  of  different  intermediate  thickneffes, 
are  blue,  green,  yellow,  or  red ; becaufe 
they  feverally  refled  the  rays  of  thofe  colours 
more  copioufly  than  the  other  rays,  which 
they  either  in  great  meafure  ftifle  and  ab- 
forb,  or  lometimes  tranfmit.  And  hence  it 
is,  that  fome  liquors  appear  red,  or  yellow, 
by  refleded  light,  but  blue  by  tranfmitted 
light ; and  that  leaf-gold  appears  yellow  by 
the  former,  but  green  by  the  latter,  &c. 
See  Clark,  dnnetat.  in  Rcbault. p.  194,  195. 

Newton.  Optic,  p.  320, 323.  &f  ali- 

bi pajjim. 
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wherein  no  other  fault  has  been  committed.  Thus  in  dying  fcarlet,  thos 
you  fhould  fee  every  ingredient  that  is  ufed  about  it ; tho*  I fhould  parti- 
cularly inform  you  of  the  weight  of  each  ; and  tho’  you  fhould  be  prefent 
at  the  kindling  of  the  fire,  and  at  the  increafmg  and  remitting  of  it, 
whenever  the  degree  of  heat  is  to  be  altered  5 and  tho’,  in  a word,  you 
fhould  fee  every  thing  done  fo  particularly,  that  you  would  fcarce  har- 
bour the  leaft  doubt  of  your  comprehending  the  whole  art : yet  if  I fhould 
not  tell  you,  that  the  veffels,  which  immediately  contain  the  tinging  ingre- 
dients, are  to  be  made  of,  or  lined  with  tin  ; you  would  never  be  able, 
by  a due  obfervance  of  all  the  other  circumftances,  to  bring  the  tin&ure 
of  cochineal  to  give  a perfect  fcarlet. 
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AS  the  human  foul  is,  itfelf,  a true  and  pofitive  Being,  *ti$  apt  to 
conceive  all  other  things,  as  fuch.  But  this  propenfity,  I fear, 
makes  us  think  and  fpeak  of  chimerical  things,  and  of  nega- 
tions or  privations,  as  of  true  and  pofitive  Beings. 

We  lhould,  therefore,  be  very  careful  of  being  infenfibly  mif-led  by 
fuch  an  innate  and  unheeded  temptation  to  error,  as  we  bring  into  the  world 
with  us.  And,  perhaps,  among  other  particulars,  in  which  this  deluding 
propenfity  of  our  minds  has  too  great  an  influence  •,  it  may  have  impos’d 
on  us,  in  the  notion  we  ufually  frame  of  nature.  Now,  this  notion  being 
the  fruitful  parent  of  others-,  and  being  fo general  in  its  applications,  and 
important  in  its  influence,  we  ought  not  over-eafily  to  admit  it : doubtlefs, 
it  molt  highly  deferves  to  be  warily  examin’d,  before  it  be  throughly  en- 
tertain’d. 

I have  fometimes  ferioufly  queflion’d,  whether  the  vulgar  notion  of  na- 
ture, has  not  been  both  injurious  to  the  glory  of  God,  and  a great  impe- 
diment to  the  folid  and  ufeful  difcovery  of  his  works. 
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For,  it  Teems  to  detraCt  from  the  honour  of  the  great  author  and  go-  Physics. 
vernor  of  the  world  ; that  men  fhould  afcribe  mod  of  the  admirable 
things  to  be  met  with  in  it,  not  to  him,  but  to  a certain  nature,  which 
themfelves  do  not  well  know  what  to  make  of.  ’T is  true,  many  confefs 
that  this  nature  is  a thing  of  his  eftablifhing,  and  fubordinate  to  him ; 
but,  tho*  they  own  it,  when  they  are  ask’d  the  quedion,  yet  there  are  fe- 
veral,  who  feldom  or  never  regarded  any  higher  caufe.  And  whoever  takes 
notice  of  their  way  of  afcribing  things  to  nature,  may  eafily  difcern,  that, 
whatever  their  words  fometimes  are,  the  agency  of  God  is  little  in  their 
thoughts.  Doubtlefs,  it  fhews  the  wifdom  of  God,  to  have  To  fram’d 
things  at  fird,  that  there  can  feldom  or  never  need  any  extraordinary  in* 
terpofition  of  his  power  *,  or  the  employing,  from  time  to  time,  an  in* 
telligent  overfeer,  to  regulate,  affid,  and  control  the  motions  of  matter. 

Ariftotle , by  introducing  the  notion  of  the  eternity  of  the  world,  in 
mod  men’s  opinion,  at  lead,  openly  deny’d  to  God  the  production  of  it ; 
and  by  afcribing  the  admirable  works  of  the  divine  Being,  to  what  he  calls 
nature,  tacitly  denies  him  the  government  thereof. 

But  my  opinion  hinders  me  not  at  all  from  acknowledging  God  to  be  the 
author  of  the  univerfe,  and  the  continual  preferver  and  upholder  of  it 
(which  is  much  more  than  the  peripatetic  hypothefis  allows)  for  thofe  things 
which  the  fchool-philofophers  afcribe  to  the  agency  of  nature,  interpofing 
upon  emergencies,  I afcribe  to  the  wifdom  of  God,  in  the  fird  fabric  of 
the  univerfe  *,  which  he  fo  admirably  contriv’d,  that,  if  he  but  continue 
his  ordinary  and  general  concourfe,  there  will  be  no  necedity  of  extraor- 
dinary interpofitions  : fo  that  mere  matter,  particularly  determin’d,  dial], 
in  certain  conjunctures  of  circumdances,  do  all  that  philofophers  afcribe 
on  fuch  occafions,  to  nature. 

This  notion  is  more  refpeCtful  to  a divine  Being,  than  to  imagine,  as  we 
commonly  do,  that  he  has  appointed  an  intelligent  and  powerful  agent,  as 
his  vice-gerent,  continually  to  watch  for  the  good  of  the  univerfe  in  gene- 
ral, and  of  the  particular  bodies  that  compofe  it ; whild  this  Being  ap- 
pears not  to  have  the  skill,  or  the  power,  to  prevent  fuch  irregularities  as 
often  prove  dedruCtive  to  multitudes  of  animals,  and  other  noble  crea- 
tures, as  in  plagues,  &c.  and  fometimes  prejudicial  to  greater  portions  of 
the  univerfe,  as  in  earth- quakes,  &c. 

But  farther,  whild  men  indulge  themfelves  fo  general  and  eafy  a way  of 
folving  difficulties,  as  to  attribute  them  to  nature  *,  ffiame  will  not  reduce 
them  to  a more  indudrious  fearch  after  the  reafons  of  things ; nor  curiofity 
itfelf  greatly  move  them  to  it.  Thus  the  caufe  of  the  afcent  of  water  in 
pumps,  and  other  phenomena  of  that  kind,  had  never  been  known,  if  the 
moderns  had  acquiefced  in  that  imaginary  one,  that  the  world  was  govern’d 
by  a watchful  Being,  call’d  nature,  who  abhors  a Vacuum  \ and  confe- 
quently  is  always  ready  to  do  whatever  is  neceflary  to  prevent  it. 

And  the  veneration  men  commonly  have  for  what  they  call  na- 
ture, has  obdruded  and  confined  the  empire  of  man  over  the  inferior 
creatures.  For  many  have  look’d  upon  it  as  impoffible  to  compafs,  and 
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others,  as  impious  to  attempt,  the  removing  thofe  boundaries  which  nature 
feems  to  have  fettled  among  her  productions.  And  whilft  they  look  upon 
her  as  fuch  a venerable  thing,  fome  make  a fcruple  of  confcience  to  en- 
deavour fo  to  imitate  any  of  her  works,  as  to  excel  them. 

’Twill  here,  I doubt  not,  be  laid,  that  I contradict  the  fen  fe  of  the  ge- 
nerality of  mankind  : I anfwer,  that  in  philofophical  inquiries,  we  are  not 
fo  foliicitous  about  what  has  been,  or  is  believ’d,  as  what  ought  to  be  ; and 
certainly  the  fenfe  of  the  generality  of  men,  ought  little  to  fway  us  in  fome 
particular  queftions.  But  ’tis  no  wonder  men  fhould  be  generally  prepof- 
fefs’d  with  fuch  a notion  of  nature,  as  I call  in  queftion  •,  fince  education 
has  imbued  them  with  it  from  their  infancy  : and  even  in  their  maturer 
years,  they  find  it  taken  for  granted,  and  employed  by  the  mod  learned 
writers,  and  never  hear  it  call’d  in  queftion.  Befides,  it  exceedingly 
complies  with  our  innate  propenfity,  to  think  that  we  know  more  than 
we  do:  to  vouch  nature  for  a caufe,  is  an  expedient,  that  can  fcarce  be 
wanting  upon  any  occafion,  to  be  produced  as  a reafon  for  any  thing  we 
are  ignorant  of. 

But  to  talk  of  a thing  as  a real  and  pofitive  Being,  and  attribute  great 
matters  to  it,  weighs  but  little  with  me,  when  I confider,  that,  tho’  fortune 
be  only  a certain  loofeand  undetermin’d  notion,  which  a modern  metaphy- 
fician  would  refer  to  the  clafs  of  non-entities;  yet  not  only  the  Gentiles 
made  it  a goddefs,  whom  many  of  them  ferioufly  worfhipp’d,  but  eminent 
writers,  both  heathen  and  chriftian,  ancient  and  modern,  and  all  forts  of 
men,  in  their  common  difcourfe,  ferioufiy  talk  of  it,  as  of  a kind  of  an- 
tichrift,  that  ufurped  a great  fhare  in  the  government  of  the  world  ; and 
afcribe  little  lefs  to  it,  than  to  nature.  And  to  pafs  over  what  poets,  mo- 
ralifts,  and  divines  tell  us  of  the  powers  of  ignorance  and  vice,  which  are 
but  moral  defedts ; the  generality  of  mankind  ferioufiy  attribute  a great 
and  fatal  dominion  to  death  ; which,  tho’ faid  to  do  fo  many  and  fuch 
wonderful  things,  is  neither  a fubftance,  nor  a pofitive  entity,  but  a mere 
privation.  As  for  revelation,  it  countenances  no  fuch  notion  as  that  vul- 
garly receiv’d  of  nature : the  word  is  not  once  mention’d  in  fcripture ; no, 
not  by  Mofes , in  his  account  of  the  creation.  And,  indeed,  till  the  Ifraelites 
were  over-run,  and  corrupted  by  idolatrous  nations,  there  was,  for  many 
ages,  a deep  filence  as  to  fuch  a Being. 

There  are  two  things  whereof  1 muft  advertife  the  reader,  before  I 
proceed  farther. 

1.  That  when,  in  the  prefent  difcourfe,  I fpeak  of  the  opinions  of  Ari- 
ftotle , I mean  thofe  that  are  by  the  generality  ofTcholars  taken  for  his,  or 
the  Ariftotelian  and  Peripatetic  dodtrines  ; by  which, M he  be  m if- reprefen  t- 
ed,  the  blame  ought  to  light  upon  his  commentators,  and  followers. 

2.  That  I here  fet  afide  the  confideration  of  the  rational  foul  or  mind  of 
man,  all  other  parts  of  theuniverfe  being,  according  to  the  receiv’d  opinion, 
the  works  of  nature. 
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A confidering  perlon  may  well  fufpedl,  that  men  have  generally  had  Physics. 
but  imperfedt  and  confufed  notions  concerning  nature;  fince  they  apply 
that  name  to  feveral  things,  and  thofe  too  fuch,  as  have,  fome  of  them, 
very  little  dependance  on,  or  connexion  with  the  others.  Ariftotle  has  a 
whole  chapter  exprefly  written  to  enumerate  the  various  acceptations  of  the 
Greek  word  $u< commonly  render’d  nature  ; of  which,  he  there  men- 
tions fix  ; and,  in  Engli/h , we  have  more  fignifications  of  that  term. 
Sometimes,  we  ufe  it, 

1.  For  that  author  of  nature,  whom  the  fchool-men  call  Natura  natu- 
rans\  as  when  ’ tis  faid,  that  nature  hath  made  man  partly  corporeal,  and 
partly  immaterial. 

2.  Sometimes  we  mean  by  the  nature  of  a thing,  the  eflence,  or  that 
which  the  fchool-men  call  the  quiddity  of  a thing  ; that  is,  the  attribute 
which  makes  it  what  it  is,  whether  the  thing  be  corporeal,  or  not  ; as  when 
we  attempt  to  define  the  nature  of  an  angel,  a triangle,  or  a fluid. 

3.  Sometimes  we  confound  that  which  a man  has  by  nature,  with  whatac- 
crues  to  him  by  birth  ; as,  when  we  fay,  that  fuch  a man  is  noble  by  nature. 

4.  Sometimes  we  take  nature  for  an  internal  principle  of  motion  •,  as 
when  we  fay,  that  a Hone  let  fall  in  the  air,  is,  by  nature,  carried  towards 
the  centre  of  the  earth  ; and,  on  the  contrary,  that  fire,  or  flame,  natural  ly 
moves  upwards. 

5.  Sometimes  we  underftand  by  nature,  the  eftablifli’d  courfeof  things ; 
as  when  we  fay,  that  nature  makes  the  night  fucceed  the  day  ; or  that  na- 
ture hath  made  refpiration  neceflary  to  the  life  of  men. 

6.  Sometimes  we  take  nature  for  an  aggregate  of  powers  belonging  to 
a body,  efpecially  a Jiving  one  ; as,  when  phyflcians  fay,  that  nature  is 
Hrong,  weak,  or  fpent ; or  that  in  fuch  or  fuch  difeafes,  nature  left  to  her- 
felf,  will  perform  the  cure. 

7.  Sometimes  we  take  nature  for  the  univerfe,  or  fyftem  of  the  corporeal 
yvorks  of  God  ; as  when  ’tisfaid  of  a phenix,  or  a chimera,  that  there  is 
no  fuch  thing  in  nature. 

8.  Sometimes,  too,  and  that  mod  commonly,  we  would  exprefs  by  the 
word  nature,  a femi-deity,  or  other  ftrange  kind  of  Being  ; which  is  the 
notion  we  here  examine. 

And,  befides  thefe  more  abfolute  acceptations  of  the  word  nature,  it  has 
feveral  others  more  relative.  Nature  is  ftt  in  oppofition,  or  contradiftin- 
<5tion  to  other  things ; as  when  a (tone  falls  downwards,  we  fay,  it  does  it 
by  a natural  motion  ; but  that  if  it  be  thrown  upwards,  its  motion  that  way 
is  violent.  So  chymifts  diftinguifh  vitriol  into  natural  and  fa&itious.  In 
like  manner  ’tis  faid,  that  water  kept  fufpended  in  a fucking-pump,  is  not 
in  its  natural  place,  as  that  is,  which  ftagnates  in  the  well.  We  fay,  alfo 
that  wicked  men  are  ftill  in  the  ftate  of  nature;  but  the  regenerate,  in  a 
Hate  of  grace : that  cures  wrought  by  medicines,  are  natural  operations  ; 
but  the  miraculous  ones,  wrought  by  Chrifl:  and  his  apoftles,  fuperna- 
tural.  Nor  are  thefe  the  only  forms  of  fpeech  that  might  be  alledg’d,  to 
manifefl:  the  ambiguity  of  the  word  nature ; tho’  fome  of  thefe  already 
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Physics,  mention’d,  Ihould  be  judged  fo  near  as  to  be  co-incident.  Among  Latin 
writers,  the  acceptations  of  the  word  nature  are  fo  many,  that  I remember, 
one  author  reckons  up  no  lefs  than  fourteen  or  fifteen.  Hence  we  fee  how 
eafy  ’tis  for  the  generality  of  men,  without  excepting  thofe  who  write  of 
4 natural  things,  to  impofe  upon  others  and  themfelves,  in  the  ufe  of  a word 
fo  apt  to  be  mif-employ’d. 

I have  often  look’d  upon  it  as  an  unhappy  thing,  and  prejudicial  both 
to  philofophy  and  phyfic,  that  the  word  nature  hath  been  fo  frequently, 
and  yet  fo  unskilfully  employ’d,  by  all  forts  of  men.  For  the  very  great 
ambiguity  of  this  term,  and  the  promifcuous  ufe  made  of  it,  without  fuf- 
ficiently  attending  to  its  different  fignifications,  render  many  of  the  ex- 
preftions  wherein  ’tis  employ’d,  either  unintelligible,  improper,  or  falfe. 
I,  therefore,  heartily  wifii,  that  philofophers,  and  other  leading  men, 
would,  by  common  confent,  introduce  fome  more  fignificant,  and  lefs 
ambiguous  terms  and  expreffions,  in  the  room  of  the  licentious  word  na- 
ture ; and  the  forms  of  fpeech  that  depend  on  it:  or,  at  lead,  decline  the 
ufe  of  it,  as  much  as  conveniently  they  can  *,  and  where  they  think  they 
muft  employ  it,  declare  in  what  clear  and  determinate  fenfe  they  ufe  it. 
For  unlefs  fomewhat  of  this  kind  be  done,  men  will  very  hardly  avoid  be- 
ing led  into  miftakes,  both  of  things,  and  of  one  another*,  whence  fuch 
wranglings  about  words  and  names  will  be  dill  kept  on  foot,  as  are  ufually 
managed  with  much  heat,  and  little  advantage. 

But  ’tis  far  more  difficult  than  any  one,  who  hath  not  try’d,  would  ima- 
gine, to  difcourfe  long  of  the  corporeal  works  of  God,  and  efpecially  of 
the  operations  and  phenomena  attributed  to  nature,  and  decline  the  fre- 
quent ufe  of  that  term,  or  forms  of  fpeech  whereof  ’tis  a principal  part ; 
without  frequent,  and  tedious  circumlocutions.  But  to  avoid,  as  much  as 
poffible,  this  inconvenience*,  I ffiall  hereafter  call  thofe  who  maintain  the 
vulgar  notion  of  nature  Naturifts:  an  appellation  I rather  chufe  than  that  of 
Naturaliftsi  becaufe  many,  even  of  the  learned  among  them,  are  not  philofo- 
phers. This  inconvenience  might  perhaps  be  a little  farther  remedied,  if. 
Means  of  a-  1 • Inftead  of  the  word  nature,  taken  for  Natura  naturans,  we  ufe  the 
voiding  this  term  God,  which  ’tis  put  to  fignify. 

ambiguity.  2.  If,  inftead  of  nature,  ufed  for  that  which  makes  a thing  what  it  is,  we 
employ  the  word  efience;  fometimes  alfo  we  may  make  ufe  of  the  word 
quiddity  ; which,  tho’  a barbarous  term,  is  yet  frequently  employ’d,  and 
well  underftood  in  the  fchools ; and  tho*  very  comprehenfive,  is  free  from 
ambiguity. 

3.  If  what  is  meant  by  the  word  nature,  taken  for  what  belongs  to  a 
living  creature  at  its  nativity,  or  accrues  to  it  by  its  birth,  be  exprefted, 
fometimes,  by  faying,  that  an  animal  is  born  fo  *,  and,  fometimes,  by  fay- 
ing, that  a thing  has  been  generated  fuch*,  and,  fometimes  alfo,  that  *tis 
thus  or  thus  qualified  by  its  original  temper  and  conftitution. 

4.  If,  inftead  of  the  word  nature,  taken  for  an  internal  principle  of 
local  motion  *,  we  fay,  fometimes,  that  this  or  that  body  moves  as  it  were, 
or  fee-ms  to  move  fpontaneoufiy,  upwards,  downwards,  &c.  or  that  it  is 
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put  into  this  or  that  motion,  or  determined  to  this  or  that  adion,  by  the  Physics. 
concourfe  of  particular  caufes. 

5.  If,  inftead  of  nature,  ufed  for  the  eftablifhed  courfe  of  things  corpo- 
real, we  fubftitute,  what  it  denotes,  the  eftablifhed  order,  or  the  fettled 
courfe  of  things. 

6.  If,  inftead  of  nature,  taken  for  an  aggregate  of  the  powers  belong- 
ing to  a body,  we  employ  the  conftitution,  temper,  mechanifm,  or  the 
complex  of  the  eflential  properties  or  qualities  •,  and,  fometimes,  the  con- 
dition, the  ftrudure,  or  the  texture  of  that  body:  and,  fpeaking  of  the 
greater  portions  of  the  world,  we  may  ufe  the  terms,  fabric  of  the  world, 
fyftem  of  the  univerfe,  &V. 

7.  If,  where  men  employ  the  word  nature  for  the  univerfe,  or  the  fy- 
ftem of  the  corporeal  works  of  God  *,  we  ufe  the  word  world,  or  uni- 
verfe ; and,  inftead  of  the  phenomena  of  nature,  fubftitute,  the  pheno- 
mena of  the  univerfe,  or  of  the  world. 

8.  And,  laftly,  if,  inftead  of  ufing  the  word  nature,  taken  for  either 
a goddefs,  or  a kind  of  femi-deity  ; we  wholly  rejed,  or  very  feldom  em- 
ploy it. 

Some,  I know,  will  have  the  nature  of  every  thing,  to  be  only  the  law  Whether  the 
that  it  receives  from  the  creator,  and  according  to  which  it  ads  on  all  oc-  nta^Je ^ t ye 
cafions.  And,  indeed,  this  opinion,  tho*  neither  clear  nor  comprehen 
five,  feems  capable  of  a fair  conftrudion.  There  is  often  fome  refem-/r^  the  ere- 
blance  between  the  orderly  and  regular  motions  of  inanimate  bodies,  and^r. 
the  adions  of  agents,  that  proceed  conformably  to  laws.  And  I,  fome- 
times, fcruple  not  to  fpeak  of  the  laws  of  motion  and  reft,  that  God  has 
eftablifhed  among  things  corporeal,  and,  now  and  then,  to  call  them  the 
laws  of  nature. 

But,  in  ftridnefs,  to  fay,  that  the  nature  of  this  or  that  body,  is  but 
the  law  of  God  preferibed  to  it,  is  an  improper,  and  figurative  expreflion. 

For  this  gives  us  but  a very  defedive  idea  of  nature,  fince  it  omits  the  ge- 
neral fabric  of  the  world,  and  the  contrivances  of  particular  bodies ; 
which  yet,  are  as  necefiary  as  local  motion  itfelf,  to  the  produdion  of 
particular  effeds  and  phenomena:  and,  to  fpeak  properly,  a law  being 
but  a notional  rule  of  ading  according  to  the  declared  will  of  a fuperior, 

*tis  plain,  that  nothing  but  an  intelledual  Being  can  be  properly  capable 
of  receiving  and  ading  by  a law.  For  if  it  does  not  underftand,  it  can- 
not know  what  the  will  of  the  legiflator  is  ; have  any  intention  to  accom- 
plifh  it;  or  ad  with  regard  thereto.  Now  5tis  intelligible,  that  God 
fhould,  at  the  beginning,  imprefs  determinate  motions  upon  the  parts  of 
matter,  and  guide  them,  as  he  thought  requifite,  for  the  primordial  con- 
ftitution of  things : and  that  ever  fince  he  fhould,  by  his  ordinary  and  ge- 
neral concourfe,  maintain  thofe  powers,  which  he  gave  the  parts  of  mat- 
ter to  tranfmit  their  motion  to  one  another.  But  I cannot  conceive,  how 
a body,  deftitute  of  underftanding  and  fenfe,  truly  fo  called,  can  mode- 
rate and  determine  its  own  motions ; efpecially  io , as  to  make  them 
conformable  to  laws, . that  it  has  no  knowledge  of.  And  that  inanimate 
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Physics,  bodies,  how  ftri&ly  foever  called  natural,  properly  a&  by  laws,  cannot 
be  proved  by  their  adting  fometimes  regularly,  and,  as  men  think,  in 
order  to  determinate  ends : fince,  in  artificial  things,  we  fee  many  motions 
very  orderly  perform’d,  and  with  a manifeft  tendency  to  particular  and 
defign’d  ends.  Thus,  in  a watch,  the  motions  of  the  fpring,  wheels,  and 
other  parts,  are  fo  fitted  and  regulated,  that  the  hand  upon  the  dial-plate 
mov-es  with  great  uniformity,  and  feems  to  moderate  its  motion,  fo  as 
not  to  arrive  at  the  points  that  denote  the  time  of  the  day,  eithera  minute 
fooner,  or  a minute  later  than  it  ffiould  do.  And  when  a man  fhoots  an 
iirrow  at  a mark,  fo  as  to  hit  it ; tho*  the  arrow  moves  towards  the  mark, 
as  it  would,  if  it  could,  and  did  defign  to  ftrike  it;  yet  none  will  fay, 
that  this  arrow  moves  by  a law,  but  by  an  external  impulfe. 

Ariftotl t'sdefi-  But,  poflibly,  the  definition  of  aphilofopher  may  exempt  us  from  the 
nition  of  na-  perplexities,  to  which,  by  the  ambiguous  expreffions  of  common  writers, 

a?id  unfatisfa 


ture  obfcure  we  are  eXp0fed.  I therefore  confidered,  with  more  than  ordinary  atten- 


tlory.  tion,  the  famous  definition  of  nature,  that  is  left  us  by  Arijlotle  ; which  I 

fhall  recite  rather  in  Latin  than  Englijh , becaufe’tis  very  familiarly  known, 
among  fcholars  in  that  language ; and  becaufe  there  is  fomewhat  in  it, 
that  feems  difficult  to  be,  without  circumlocution,  render’d  intelligibly  in 
Englijh  : Nalura  ( fays  he)  eft principium  & caufa  motus  & quietis  ejus , in  quo 
inejl , primo  perfe , non fecundum  accidens . Now  as,  according  to  / Irijlotle , 

the  whole  world  is  but  a fyftem  of  the  works  of  nature;  we  might  well 
expedt,  that  the  definition  of  a thing,  the  moft  important  in  natural  phi- 
lolophy,  ffiould  be  clearly  and  accurately  deliver’d  ; yet,  to  me,  this  cele- 
brated definition  feems  fo  dark,  that  I receiv’d  no  affi fiance  from  it,  to- 
wards framing  a clear  and  fatisfadlory  notion  of  nature.  For  I dare  not 
hope,  that  what,  as  to  me,  is  not  itfelf  intelligible,  ffiould  make  me  un- 
derftand  what  is  to  be  explained  by  it.  And,  confulting  fome  of  Arijlotle* s 
interpreters  upon  the  fenfe  of  this  definition,  I found  the  more  confiderate 
of  them  fo  puzzled  with  it,  that  their  difeourfes  about  it  feem'd  to  tend, 
rather  to  free  the  definer  from  tautology  and  felf*contradi<5lion,  than  to 
manifeft  the  definition  itfelf  to  be  good  and  inftru&ive.  And  indeed,  tho’ 
the  immoderate  veneration  they  have  for  their  mafter,  engages  them  to 
make  the  beft  they  can  of  his  definition,  even  when  they  cannot  juftify  it 
without  (train’d  interpretations ; yet  what  every  one  feems  to  defend  in 
grofs,  alnioft  every  one  of  them  cenfures  in  parcels ; this  man  attacking 
one  part  of  the  definition,  and  that  another,  with  objections  fo  weighty, 
that  if  I had  no  other  arguments  to  urge  againft  it,  1 might  borrow  enow 
from  the  commentators  on  it,  to  juftify  my  diflike  thereof. 

Several  things  are  commonly  received  as  belonging  to  the  idea  of  nature, 
that  are  not  manifeftly  or  at  all  comprehended  in  this  Arijlotelian  definition, 
which  never  declares  whether  the  principle,  or  caufe  here  mentioned,  is 
a fubftance,  or  an  accident ; and  if  a fubftance,  whether  corporeal  or  im- 
material : nor  is  it  clearly  contain’d  in  this  definition,  that  nature  does 
all  things  moft  wifely,  and  (till  a<5ts  by  the  ffiorteft  ways,  without  ever 
miffing  of  her  end  ; and  that  ffie  watches  againft  a Vacuum , for  the  wel- 
fare of  the  univerfe.  SECT. 
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TH  E beft  way  to  difcover  the  common  opinion  of  nature,  is,  to  con-  The  receiv'd 
fider  what  axioms  pafs  for  current  about  her,  what  titles  and  eP wbat~? 
thets  are  unanimoufly  given  her  by  philofophers,  other  writers,  and  by 
the  generality  of  men  who  have  occafion  to  difcourfe  of  her,  and  her 
adions. 

Of  fuch  axioms  and  epithets,  the  principal  feem  to  be  thele. 

Nature  is  exceeding  wife , and  all  her  works  are  perform’d  with  underftanding, . 

Nature  does  nothingin  vain.  Nature  never  fails  of  her  purpofe.  Nature  al- 
ways does  what  is  bejl.  Nature  always  afts  in  the  fhortejl  manner.  Nature 
is  neither  too  lavifh , nor  too  fparing  in  neceffary  things . Nature  always  pre- 
ferves  itfelf.  Nature  cures  difeafes.  Nature  always  watches  to  preferve  the 
univerfe . Nature  dreads  a Vacuum. 

From  which  particulars  put  together,  it  appears,  that  the  vulgar  no* 
tion  of  nature  may  be  expreffed  by  fome  fuch  defcription  as  this. 

Nature  is  a moft  wife  being,  that  ads  nothing  in  vain,  never  miffes  of 
her  ends,  but  always  does  what  is  beft,  and  that  by  the  moft  di red  way, 
neither  employing  any  things  fuperfluous,  nor  being  wanting  in  things 
neceffary  ; teaching  and  inclining  every  one  of  her  works  to  preferve  it- 
felf: and  as,  in  the  human  frame,  lhe  cures  difeafes  ; fo,  in  the  world, 
for  the  confervation  of  the  univerfe,  (he  abhors  a Vacuum  ; making  parti- 
cular bodies  ad  contrary  to  their  own  inclinations  and  interefts  to  pre- 
vent it. 

If  I were  to  propofe  a notion,  as  lefs  unfit  than  any  I have  met  with,  to  A new  notion 
pafs  for  the  principal  one  of  nature  ; with  regard  to  which,  many  axioms  °£e™itu™f  g*f 
and  expreftions,  relating  to  that  word,  may  be  conveniently  underftood  \ ^hular  advan- 
I fhould  firft  diftinguifh  between  the  universal,  and  the  particular  nature^, 
of  things.  And  of  univerfal  nature,  the  notion  I would  offer,  fhould  be 
fomething  like  this.  Nature  is  the  aggregate  of  the  bodies  that  make  up  the 
world , in  its  prefent  fate,  confidered  as  a principle,  by  virtue  whereof  they  aft 
and  fuffer , according  to  the  laws  of  motion , prescribed  by  the  author  of  things. 

And  this  makes  way  for  the  other  fubordinate  notion  ; fince  the  particular 
nature  of  an  individual  confifts  in  the  general  nature,  apply’d  to  a diftind: 
portion  of  the  univerfe ; or,  fuppofing  that  placed  as  it  is,  in  a world, 
framed  by  God,  like  ours,  it  muft  be  a convention  of  the  mechanical  pro- 
perties ( fuch  as  magnitude,  figure,  order,  fituation,  and  local  motion  ) 
of  parts,  convenient  and  fufficient  to  conftitute  of,  or  entitle  to  its  par- 
ticular fpecies  or  denominations,  the  particular  body  they  make  up  •,  the 
concourfe  of  all  thefe  being  confidered  as  the  principle  of  motion,  reft,  and 
changes  in  that  body. 

The  vulgar  notion  of  nature,  as  ithashad,  doubtlefs,  may  have  an  illeffed  III  effefts  of 
on  religion.  The  looking  upon  merely  corporeal, and  often  inanimate  things.. the  vuk^  no~ 
as  endow’d  with  life,  fenfe,  and  underftanding  ; and  afcribing  to  nature,  religion* 
Vol.  II.  and  e & 
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Physios.  and  Tome  other  Beings,  things  that  belong  to  God  alone,  have  been  <*rand 
caufes  of  the  polytheifm  and  idolatry  of  the  Gentiles . 

I he  moft  ancient  idolatry,  probably,  was  the  worfhip  of  the  celeftial 
lights,  efpecially  the  fun  and  moon  ; as  appeal's  both  from  facred  and  pro- 
fane hiftory.  The  great  Hippocrates  attempts  to  account  for  the  origin  of 
the  world  from  his  immortal  heat,  which  he  efteems  as  a deity.  And  Ga- 
len himfelf,  who  was  not  unacquainted  with  Mofes* s writings,  and  with 
chriftianity,  fancy  d the  earth  had  a certain  foul  or  mind  imparted  to  it 
by  the  fuperior  bodies.  And  an  inquifitive  perfon,  who,  having  liv’d  ma- 
ny years  in  China , andfeveral  of  the  neighbouring  kingdoms,  allured  me, 
that,  in  a folemn  conference  he  had  with  fome  of  the  more  eminent  dotftors 
of  the  Chinefe  religion,  they  frankly  profefled,  they  believed  the  heavenly 
bodies  to  be  truly  divine,  and  deserving  to  be  worfhipped,  becaufe  they 
imparted  to  men  fuch  good  things,  as  light,  heat,  rain,  &c.  And  this 
belief,  they  declared,  they  thought  more  rational  than  that  of  the  Euro- 
peans, who  worfhip  a deity,  whole  fhape,  colour,  and  motion,  and  whofe 
efficacy  on  fublunary  things,  were  invisible. 

Many  of  the  ancient  philofophers  held  the  world  to  be  animated,  and 
believed,  that  the  mundane  foul  was  not  barely  a living,  but  a moft  intel- 
ligent and  wife  aftive  Being  ; the  Stoics  held  the  world  to  be  an  animal ; 
and  the  notion  of  the  foul  of  the  world,  and  of  nature,  feem  fo  near 
allied,  that  fome  of  the  old  fages  appear  to  have  confounded  them,  and  to 
have  made  no  other  univerfal  nature,  than  the  fool  of  the  world.  How- 
ever,  the  great  and  pernicious  errors  they  were  led  into,  by  believing  that 
the  univerfe  itfelf,  and  many  of  its  nobler  parts,  befides  men,  were  en- 
dowed with  life,  underftanding,  and  providence  *,  may  make  us  chriftians 
jealous  of  admitting  fuch  a Being,  as  that  which  men  venerate  under  the 
name  of  nature:  fince  they  afcribe  to  it  as  many  wonderful  powers  and 
prerogatives,  as  the  idolaters  did  to  their  adored  mundane  foul.  They, 
alfo,  facrilegioufly  abufed  this  Being,  as  well  under  the  very  name  of  na- 
ture, as  under  that  of  the  foul  of  the  world  : fometimes  making  it  the 
fame  with  the  world,  at  others  the  fame  with  God  ; and  Orpheus  has  a 
hymn  addrefs’d  to  nature  as  a goddefs. 

Ariftotle , indeed,  and  his  commentators,  do  not  fo  dire&ly  idolize  na- 
ture, as  did  Orpheus  ; yet,  I doubt,  they  go  further  than  they  can  juftify, 
when  they  fo  freely  and  ofcen  afiert  many  extraordinary  things  of  her,  par- 
ticularly when  they  caJl  the  works  of  God,  the  works  of  nature,  and  men- 
tion him  and  her  together,  not  as  a creator  and  a creature,  but  as  two  co- 
ordinate governors. 

Thofe  who  thought  the  fun  endowed,  not  only  with  a living  foul,  but  with 
underftanding  and  a will,  muft,  if  they  had  duly  confider’d,  have  been  much 
more  puzzled,  to  find  food  for  fo  vaft  a body,  and  organs  in  him  necefiary  to 
prepare  and  digeft  it,  and  to  perform  the  other  fundlions  that  belong  to  ani- 
mal nutrition,  than  the  philofophers  who  maintain’d  him  to  be  fire.  ’Tis  with- 
out proof  prefumed  and  after  ted,  that  the  celeftial  bodies  are  endow’d  with 
underftanding  and  prudence,  efpecially  foas  to  be  able  to  know  the  particular 
2 con- 
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conditions  and  tranfa&ions  of  men,  and  hear  and  grant  the  prayers  of  their  Physics. 
worfhippers.  And  the  moon,  which  was  anciently  a principal  deity,  is  fo  \yw 
rude  and  mountainous  a body,  that ’tis  a wonder  fpeculative  men,  who  con- 
fider’d  how  many,  how  various,  and  how  noble  fund  ions  belong  to  a fen- 
fitive  foul,  could  think  a mafs  of  matter,  fo  very  remote  from  being  fitly 
organiz’d,  fhould  be  animated  and  govern’d  by  a true,  living  and  fenfitive 
foul.  Indeed,  thefe  deifiers  of  the  celeftial  globes,  and  the  heathen  difci- 
ples  of  Ariftotle , befides  feveral  of  the  lame  mind  among  the  chriftians, 
fay  great  and  lofty  things  of  the  quinteflential  nature  of  the  heavenly  bo- 
dies, and  their  confequenc -incorruptibility ; ol  the  regularity  of  their  mo- 
tions, and  of  their  divine  quality  of  light  that  makes  them  refulgent. 

But  the  perfuafion  they  had  of  this  quinteflential  nature  of  the  fuperior 
part  of  the  world,  feems  not  grounded  upon  any  folid  phyfical  reafon,  but 
entertain’d  by  them  for  being  agreeable  to  the  opinion  they  had  of  the  di- 
vinity of  the  celeftial  bodies;  of  which,  Ariftotle himfelf  fpeaks  in  a way 
that  hath  greatly  contributed  to  fuch  an  exceflive  veneration  for  thofe  bo- 
dies, as  is  neither  agreeable  to  true  philofophy,  nor  true  religion.  He 
himfelf  takes  notice,  that  the  Pythagoreans  held  our  earth  to  be  one  of  the 
planets ; and  that  it  moved  about  the  fun,  which  they  placed  in  the  middle 
of  the  world.  And  fince  this  hypothefis  of  the  earth’s  motion  was  in  the 
laft  age  reviv’d  by  Copernicus , not  only  Kepler , Galileo , and  GaJJendus , but 
moft  of  the  eminent  modern  aftronomers,  have  embraced  it : which,  in- 
deed, is  far  more  agreeable  to  the  phenomena,  than  the  dodrine  of  Ariftotle 
(who  was  plainly  miltaken  about  the  order  and  confiftence  of  the  hea- 
vens) and  the  ancient  and  generally  received  Ptolemaic  fyftem.  Now,  fup- 
pofing  the  terraqueous  globe  to  be  a planet  •,  who  can  confider  it  as  a round 
mafs  of  very  heterogeneous  fubftances,  whofe  furface  is  very  rude  and  un- 
even, and  its  body  opake,  (unlefs  as  it  happens  to  be  enlightned  by  the 
fun,  moon,  and  ftars)  and  fo  very  inorganical  and  unfit  for  fo  much  as  nu- 
trition, that  it  feems  wholly  unfit  to  be  an  animal,  much  lefs  a rational 
one,  and  afcribe  underftanding  and  providence  to  it?  The  like  may  be 
laid  of  the  celeftial  bodies. 

As  for  the  boafted  immutability  of  the  heavenly  bodies  ; itmay  be  very 
probably  call’d  in  queftion  from  the  phenomena  of  fome  of  the  comets,  that 
by  their  parallax  were  found  to  be  above  the  moon,  andconfequerrtlyin  the; 
celeftial  region  of  the  world*  But  the  incorruptibility  and  immutabilitfy 
of  the  heavenly  bodies  are  more  difproveable  by  the  fudden  and  irregulir 
generation,  changes,  and  deftrudion  of  the  fpots  of  the  fun  ; which  fome- 
times  fo  fuddenJy  difappear,  that  in  the  year  1660,  on  May  8.  having  left, 
in  the  morning,  a fpot,  whofe  motions  we  had  long  obferv’d  thro’  an 
excellent  telefcope,  with  an  expedition  that  it  would  continue  for  rrfany 
days  vifible  to  us;  we  were  furpriz’d  to  find,  that  when  we  came  to  ob- 
ferve  it  again  in  the  evening,  it  was  quite  diftipated  : and  by  comparing  it 
to  the  fun,  we  eftimated  the  extent  of  its  furface  to  be  equal  to  that  of  all 
Europe.  As  to  the  conftancy  of  the  motions  of  the  ftars;  if  the  earth, 
which  we  know  to  be  inanimate,  is  a planet,  it  moves  as  conftantly  and 
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regularly  about  the  fun,  as  the  other  planets  do,  or  as  the  moon  doth  a- 
bout  the  earth.  And  fuppofing  our  globe  was  not  a planet,  yet  there 
would  manifeftly  be  a conftant  regular  motion  of  a great  part  of  it:  fince 
there  is  a regular  ebbing  and  flowing  twice  a day,  and  fpring-tides  twice  a 
month,  of  that  vaft  aggregate  of  waters,  the  ocean  ; which  perhaps  is  not 
inferior  in  bulk  to  the  whole  body  of  the  moon. 

And  laftly,  .as  a great  proof  of  the  divinity  of  the  ftars  is  drawn  from 
their  light ; fo,  tho9  I grant  it  to  be  the  nobleft  of  fenfible  qualities,  yet  1 
cannot  think  it  a good  proof  of  the  divine  nature  of  bodies  endow’d  with 
it.  For  tho*  the  Zabians  and  Chaldeans  confidered  and  adored  the  planets 
as  the  chief  gods,  our  telefcopes  difeover  to  us,  that  they  fhine  but  by  a 
borrow’d  light ; fo  that  Venus , as  vivid  as  it  appears  to  the  naked  eye,  is 
fometimes  horn’d  like  the  moon.  Thus  alfo  the  earth,  whether  a planet  or 
no,  is  enlighten’d  by  the  fun  ; and  poflibly,  as  a body  forty  times  bigger, 
communicates  more  light  to  the  moon,  than  it  receives  from  her  ; as  feems 
probable  from  the  light  on  the  furface  of  the  moon  in  fome  of  her  eclip- 
fes.  And  tho’  in  the  night,  when  the  darknefs  hath  widened  the  Pupillce  of 
our  eyes,  and  the  moon  fhines  with  an  unrival’d  luftre,  fhe  feems  exceeding 
bright;  yet  fhe  may  be,  for  ought  I know,  more  opake  than  the  folid  part 
of  the  terreftrial  globe.  For  I have  more  than  once  obferv’d  a fmall  cloud 
in  the  weft,  where  the  moon  then  was,  about  fun-fet  *,  and  comparing 
them  together,  the  cloud  refledted  the  light  as  ftrongly  to  my  eye,  as  did 
the  moon,  that  feem’d  to  be  not  far  from  it;  both  ot  them  appearing  like 
little  whitifh  clouds:  tho’ afterwards,  as  the  fun  defeended  lower  beneath 
the  horizon,  the  moon  grew  more  luminous.  And,  fpeaking  of  light  in- 
definitely, ’tis  fo  far  from  arguing  a divine  nature  in  the  bodies  endow’d 
with  it,  (whether,  as  the  planets,  by  participation  from  an  external  illumi- 
nant ; or,  as  the  fun,  from  an  internal  principle)  that  a calcined  (tone, 
witnefs  that  of  Bdwiia , will  afford,  in  proportion  to  its  bulk,  incompa- 
rably more  borrow’d  light  than  one  of  the  planets.  And  a light,  from 
internal  conftitution,  may  be  found,  not  only  in  fuch  abjedt  creatures  as 
infedts,  whether  winged,  aS^the  Cucupias  of  Hifpamola , or  creeping,  as 
the  glow-worm  ; but  alfo  in  bodies  inanimate,  and  corrupted  ; as  in  rot- 
ten wood,  putrefy ’d  fifti,  &c. 

The  reafons  that  have  made  me  backward  to  entertain  fuch  a notion  of 
nature,  as  I have  hitherto  difeourfed  of,  may  be  comprized  under  the  fol- 

ting  the  vulgar  lowing. 

turc™ ^ m~  J‘  Such  .a  nature  feems  to  be  either  afferted,  or  affumed,  without  fuf- 
ficient  proof ; and  this  Angle. reafon,  if  well  made  out,  is  alone  fufficient 
to  diferedit  it.  For,  in  matters  of  philofophy,  where  we  ought  not  to 
take  any  thing  upon  truft,  or  allow  it  without  proof;  ’tis  eriough  to  keep 
us  from  believing  a thing,  that  we  have  no  pofitive  argument  to  induce  us 
to  affent  to  it,  tho’  we  have  no  particular  arguments  againft  it.  Now  I 
have  yet  met  with  no  phyfical  arguments,  either  demonftrative,  or  con- 
fiderably  probable,  to  evince  the  exiftence  of  the  nature  we  examine  ; yet, 
furely,  fo  univerfal  an  agent,  fuppofed  to  adt  immediately,  in  abundance 
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of  phenomena,  ffiould,  if  it  really  exifted,  give  fome  manifeft  proofs  of  Physics. 
itfelf.  lyYV 

2.  Such  a nature  is  unneceffary.  For,  fince  a great  part  of  the  work  of 
true  philofophers  has  been  to  reduce  the  principles  of  things  to  the  fmalleft 
number  they  can,  without  making  them  inefficient  *,  why  ffiould  we  take 
in  a principle,  of  which  we  have  no  need?  Suppoftng  the  common  mat- 
ter of  all  bodies  to  have  been  at  firft  divided  into  innumerable  minute 
parts  by  the  wife  author  of  things,  and  thefe  parts  to  have  been  fo  dif- 
pos’d,  as  to  form  the  world  as  it  now  is ; and,  fuppofing  the  univerfal  laws 
of  motion,  among  the  parts  of  matter,  to  have  been  eftablifh’d,  and  feverai 
conventions  of  particles  contrived  into  the  feminal  principles  of  various 
things  j all  which  may  be  effected  by  the  mere  motion  of  matter,  skilfully 
guided  at  the  beginning  of  the  world  : fuppofing  all  this,  together  with 
God’s  ordinary  and  general  concourfe,  which  we  very  realonably  may  •,  1 
fee  not,  why  the  fame  phenomena,  that  we  now  obferve  in  the  world, 
ffiould  not  be  produc’d,  without  taking  in  any  fuch  powerful  and  intelligent 
being,  diftindt  from  God,  as  nature  is  reprefented  to  be.  And,  ’till  fome 
inftance  is  produc’d  to  the  contrary,  I ffiall  think  that  the  phenomena  we 
obferve,  will  genuinely  follow  from  the  mere  fabric  and  conftitution  of 
the  world.  Thus,  fuppofing  the  fun  and  moon  to  have  been  put,  at  firft, 
into  fuch  motions  about  the  earth,  as  experience  ffiews  they  have  ; the  de- 
terminate celerity  of  thefe  motions,  and  the  lines  wherein  they  are  perform- 
ed, will  make  it  neceffary,  that  the  moon  ffiould  exhibit  fuch  feverai  phafes 
as  every  month  ffie  doth  •,  and  that  at  fome  times  ffie  and  the  fun  ffiould 
have  a trine,  or  a quartile  afpedt,  -&c.  and  that  now  one,  and  now  the  o- 
therof  them,  ffiould,  at  fet  times,  fuffer  an  eclipfe:  tho’  thefe  eclipfes 
were  by  the  Romans , and  others  of  old,  and  are  by  many  unlearn’d  nati- 
ons at  this  day,  look’d  upon  as  fupernatural  things.  And,  indeed,  the 
difficulty  we  find  to  conceive  how  fo  great  a fabric  as  the  world  can  be 
preferve^  in  order,  and  kept  from  falling  again  to  a chaos,  feems  to  arife 
from  hence,  that  men  do  not  fufficiently  confider  the  unfearchable  wifdom 
of  the  divine  architect,  whofe  piercing  eyes  were  able  to  look  at  once  quite 
thro’  the  univerfe,  and  take  into  his  view,  both  the  beginning  and  end  of 
time  : fo.that,  perfedtly  knowing  what  would  be  the  confequences  of  all 
the  pofiible  conjunctures  of  circumftances,  into  which  matter,  divided  and 
mov’d  according  to  particular  laws,  could,  in  an  engine  fo  conflicted  as 
the  prefent  world  is,  happen  to  be  put ; there  can  nothing  fall  out,  unlefs 
when  a miracle  is  wrought,  that  ffiall  be  able  to  alter  the  courfe  of  things, 
or  prejudice  the  conftitution  of  them,  any  further  than  he  from  the  begin- 
ning forefaw,  and  allow’d. 

3.  The  nature  I queftion,  is  fo  dark  and  odd  a thing,  that  ’tis  hard  to 
know  what  to  make  of  it *,  being  fear ce  intelligibly  propos’d  by  thofe  who 
lay  the  moft  ftrefsupon  it.  For  it  appears  not  clearly,  whether  they  will 
have  it  to  be  a corporeal,  or  an  immaterial  fubftance  ; or  fome  fuch  thing, 
as  may  feem  to  be  betwixt  both  ; fuch  as  many  Peripatetics  reprefent 
fubftantial  forms,  and  what  they  call  real  qualities,  which  feverai  fchool- 
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Physics,  men  hold  to  be  feparable  from  all  matter  whatfoever.  If  it  be  merely 
corporeal,  I confefs,  I underftand  not,  how  it  can  be  fo  wife  an  agent  as 
they  would  have  it  pafs  for : if  it  be  a body,  I would  gladly  know  what 
kind  of  body  it  is  *,  and  how,  fince,  among  bodies,  there  can  be  no  pe- 
netration of  dimenfions,  this  fo  intimately  pervades,  as  they  pretend,  all 
the  other  bodies  of  the  world?  If  it  be  faid,  that  nature  is  a Semi-fubftan - 
tia9  as  fome  modern  fchool-men  call  fubftantial  forms,  and  real  qualities ; 
I anfwer,  that  I acknowledge  no  fuch  chymerical  and  unintelligible  Be- 
ings. It  remains  therefore,  that  this  nature  we  fpeak  of,  if  pofitive,  is  an 
immaterial  fubftance.  But,  to  have  recourfe  to  fuch  an  one,  as  a phylical 
agent,  and  the  grand  author  of  the  motion  of  bodies  *,  and  that,  efpecially, 
in  fuch  familiar  phenomena,  as  the  afcent  of  water  in  pumps,  the  lufpen- 
fion  of  it  in  watering-pots,  the  running  of  it  thro*  fyphons,  &V.  and 
thence  to  affign  the  caufe  hereof,  will,  I think,  prove  exceeding  dif- 
ficult. 

4.  Since  many  naturalifts  are  chriftians,  it  may  not  be  improper  to  add* 
that  another  thing,  for  which  I difiike  the  vulgar  notion  of  nature,  is,  its 
being  dangerous  to  religion,  in  general,  and,  confequently,  to  the  chriftian. 

For  this  erroneous  conceit  defrauds  the  true  God  of  feveral  ads  of  vene- 
ration and  gratitude,  that  are  due  to  him  from  men,  upon  account  of  the 
vifible  world  and  diverts  them  to  that  imaginary  being  they  call  nature, 
which  has  no  title  to  them  : for,  whilft  nature  is  fuppos’d  to  be  an  intelli- 
gent thing,  that  wifely  and  kindly  adminifters  all  that  is  done  among  bo- 
dies, ’tis  no  wonder  that  the  generality  of  men  fhould  admire  and  praife 
her,  for  the  wonderful  and  ufeful  things  they  obferve  in  the  world.  And, 
in  effed,  tho’  nature,  in  our  prefent  fenfe  of  the  word,  be  never  found  in 
the  facred  writings  •,  yet  nothing  is  more  frequently  met  with  in  the  books 
of  philofophers,  than  nature  and  her  efifeds.  And,  whatever  has  been 
laid  by  fome  in  excufe  of  Ariftotlc , yet  the  generality  of  the  Peripatetics , 
from  whom  the  vulgar  notion  of  nature  is  chiefly  received,  rpake  the 
world  eternal  ; and  refer  all  the  tranfadions  among  the  bodies  it  contains, 
to  what  they  call  nature.  Whence  ’twill  not  be  difficult  to  perceive,  that, 
if  they  do  not  quite  exclude  God  •,  yet,  as  they  leave  him  no  interefl:  in  the 
firft  formation  of  the  untverfe,  fo  they  leave  him  but  very  little  in  the  ad- 
miniftration  of  the  parts  it  confifts  of,  efpecially  in  fuch  as  are  fublunary. 
Inftead,  therefore,  of  the  true  God,  they  have  fubfl: it u ted,  for  us,  a kind 
of  a goddefs,.  with  the  title  of  nature  \ upon  whom  they  look  as  the  im- 
mediate agent  and  diredor  in  all  excellent  produdions,  and  aferibe  to  her 
the  praife  and  glory  of  them. 

This  great  error,  in  a point  of  fuch  importance,  feems  to  undermine  the 
foundation  of  religion.  For  fince  the  moft  general  and  effedual  argument 
which  has  perfuaded  men  that  there  is  a God  and  a providence,  is  afforded 
by  the  consideration  of  the  vifible  world,  wherein  fo  many  operations  and 
other  things  are  obferv’d  to  be  managed  with  fuch  condudand  benignity, 
as  cannot  juftly  be  aferibed  but  to  the  wifdom  and  goodnefs  of  a deity  *, 
they  who  aferibe  thefe  things  to  mere  nature,  much  weaken  the  force 
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of  that  argument,  if  they  do  not  quite  take  away  the  neceflity  of  ac-pHYMcs. 
knowledging  a deity  *,  by  (hewing,  that,  without  having  recourfe  to  him, 
an  account  may  be  given  of  the  adminiftration  of  the  world,  and  of  what 
is  perform’d  among  things  corporeal.  Indeed,  when  men  are  put  upon 
confidering  the  matter,  and  prefs’d  to  declare  themfelves  more  clearly  ; 
they  fear  to  affirm,  that  God  and  nature  are  the  fame  thing,  and  will  con- 
fefs,  that  Ihe  is  but  his  vicegerent  •,  yet,  in  pra&ice,  their  admiration, 
and  their  praifes,  are  frequently  given  to  nature,  not  to  God. 

In  ffiort,  as  nature  is  fo  frequently  recurr’d  to,  and  fo  magnify’d  in  the 
writings  of  philofophers,  that  the  exceffive  veneration  men  have  for  her, 
caufed  fome  (as  the  Epicureans)  to  deny  God  ; fo,  ’tis  to  be  fear’d,  that 
it  makes  many  forget  him.  And,  perhaps,  a fufpicious  perfon  would 
add,  that,  were  it  not  for  other  principles,  this  erroneous  idea  of  nature 
would,  too  often,  have  a ft  rang  tendency  to  (hake,  if  not  to  fubvert,  the 
very  foundations  of  all  religion  ; by  mifteading  thofe  who  are  inclined  to 
be  its  enemies,  from  overlooking  the  necefiity  of  a God,  to  the  denial  of 
his  exiftence. 

5.  There  are  many  phenomena,  which  do  not  agree  with  that  notion 
or  reprefentation  of  nature,  I call  into  queftion.  For,  if  there  were  fuch 
an  intelligent,  powerful,  and  vigilant  being,  as  philofophers  defcribe  na- 
ture to  be,  feveral  things  would  not  be  done,  which  experience  allures  us 
are  done. 

The  great  vigilance  of  nature,  for  the  common  good  of  the  univerfe, 
is  pretended  to  be  demonftrated  from  the  care  (he  takes  to  prevent,  or  re- 
plenifti  a Vacuum  ; which  would  be  very  prejudicial  to  the  fabric  of  the 
world.  *Tis  alledged,  that  nature,  in  pumps,  and  the  like  cafes,  raifes 
the  heavy  body  of  water,  in  fpight  of  its  tendency  towards  the  centre  of 
the  earth,  to  obviate,  or  fill  up  a vacuity  *,  and  that  out  of  a gardener’s 
watering-pot,  or  an  inverted  tube,  (topped  at  one  end,  neither  water,  nor 
quick-filver  will  fall  down,  left  it  (hould  leave  a Vacuum  behind  it : but  I 
demand  how  it  comes  to  pafs,  that  if  a glafs-tube  be  but  a foot  longer 
than  34  or  35  feet;  or  an  inverted  tube,  fill’d  wkh  quick-filver,  but 
a finger’s  breadth  longer  than  30  inches,  the  water  in  the  one,  and 
the  quick-filver  in  the  other,  will  fubfide  ? Is  it  poffible,  that  nature, 
which,  in  pumps,  is  faid  to  raife  up  every  day  fo  many  hundred  ton 
of  water  ; and,  if  we  believe  the  fchools,  would  raife  it  to  any  height ; 
fhould  not  have  the  difcretion,  or  the  power,  to  lift  up,  or  fuftain, 
as  much  water  as  would  ferve  to  fill  one  foot  in  a glafs  tube,  or  as  much 
quick-filver  as  an  inch  of  a (lender  pipe  will  contain  ; to  obviate,  or  re- 
pleniffi,  the  Vacuum , (he  is  faid  to  abhor  ? Sure,  at  this  rate,  Ihe  muft 
either  have  very  little  power,  or  very  little  knowledge  of  the  power  (he 
has.  So,  likewife,  when  a glafs-bubble  is  blown  very  thin  at  the  flame 
of  a lamp,  and  hermetically  feal’d  whilft  ’tis  very  hot,  the  reafon  afiign’d 
for  its  being  apt  to  break,  when  it  grows  cold,  is,  that  the  inward  air, 
which  was  before  rarify’d  by  the  heat,  coming  to  be  condenfed  by  the 
cold,  left  the  fpace  deferted  by  the  air,  that  thus  contra <fts  itfelf,  fhould 


120  A free  Inquiry  into  the 

Physics,  be  left  void,  nature,  with  violence,  breaks  the  glafs  *,  but  if  the  glafs  be 
blown  a little  ftronger  than  ordinary,  tho’  at  the  flame  of  a lamp,  the 
bubble,  as  I have  often  try’d,  will  continue  unbroken,  in  fpight  of  na- 
ture’s abhorrence  of  a Vacuum . But  if,  tho*  nature  did  not  hinder  the 
water,  or  the  quick-filver,  from  falling  down,  there  would  nofuch  Vacuum 
enfue  as  fhe  is  faid  to  abhor ; why  does  fhe  feem  fo  follicitous  to  hinder  it ; 
why  keep  three  or  four  and  thirty  feet  of  water,  in  perpendicular  height, 
contrary  to  the  nature  of  all  heavy  bodies,  fufpended  in  the  tube  i and 
why  fo  furioufly  break  to  pieces  a thin  feal’d  bubble,  to  hinder  a Vacuum , 
if,  in  cafe  fhe  did  not  break  it,  no  Vacuum  would  enfue?  On  the  other 
fide,  if  we  admit  her  endeavours,  to  hinder  a Vacuum , not  to  have  been 
fiiperfluous,  we  mud  confefs,  that,  where  thefe  endeavours  fucceed  not, 
there  is  really  produced  fuch  a Vacuum , as  fhe  is  faid  to  abhor : fo  that, 
either  fhe  muff  be  very  indifereet  to  trouble  herfelf,  and  tranfgrefs  her 
own  ordinary  laws,  to  prevent  a danger  fhe  need  not  fear  •,  or  elfe  her 
ftrength  muft  be  very  fmall,  that  is  not  able  to  fill  a fmall  vacuity,  or  to 
break  a little  glafs-bubble. 

Another  grand  inftance  given  of  the  wifdom  of  nature,  and  her  watch- 
fulnefs  for  the  good  of  the  whole  world,  is,  the  appetite  fhe  has  implanted 
in  all  heavy  bodies,  to  defeend  to  the  centre  of  the  earth,  and  in  all  light 
ones,  to  afeend.  But,  for  pofitive  levity,  till  I fee  it  better  prov’d  than  it 
hath  hitherto  been,  I allow  no  fuch  thing  implanted  in  fublunary  bodies. 

A ball  being  let  fall  upon  the  ground,  will  rebound,  perhaps,  feveral 
times  before  it  refts.  If  you  ask  why  the  ball  being  dropt  out  of  the  hand, 
does  not  move  on  this  or  that  fide,  or  upwards,  but  fall  direftly  toward 
the  centre  of  the  earth,  in  that  fhortefl  line,  the  diameter  of  the  earth  pro- 
duced to  the  centre  of  gravity  of  the  ball?  ’Twill  be  readily  anfwer’d, 
that  this  proceeds  from  the  ball’s  gravity,  an  innate  appetite,  whereby  it 
tends  to  the  centre  of  the  earth  the  nearefl  way.  But  then  I demand, 
whence  comes  this  rebound,  this  motion  upwards  ? for,  ’tis  plainly  the 
genuine  confequence  of  the  motion  downwards,  and  is,  therefore,  increas’d 
as  that  motion  in  the  ball  was  increas’d,  by  falling  from  a greater  height  : 
fo  that  it  feems,  that  nature,  in  fuch  cafes,  plays  a very  odd  game,  fince 
fhe  forces  a ball,  againft  the  laws  of  heavy  bodies,  to  afeend  feveral  times 
upwards,  upon  account  of  that  very  gravity  whofe  office  it  is  to  carry  it 
downwards,  the  dire&eft  way  : at  lead,  fhe  feems,  in  fpite  of  the  wifdom 
aferibed  to  her,  to  take  her  meafures  very  ill,  in  making  the  ball  move 
downwards  with  fo  much  violence,  as  occafions  it  feveral  times  to  fly 
back  from  the  place  fhe  intended  it  fhould  go  to.  As  if  nature  could  not 
manage  a ball  without  letting  it  be  hurried  on  with  far  greater  violence, 
than  her  defign  requir’d  it. 

The  fame  may  be  faid  of  a pendulum  : for,  fince  ’tis  unanitnoufly  af- 
firm’d, that  this  falls  to  the  perpendicular,  upon  account  of  its  gravity,  ’tis 
certainly  a motion  proceeding  from  the  fame  gravity,  that  the  fwing- 
ing  weight  paflfes  beyond  the  perpendicular,  confequently  afeends,  and 
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often  makes  a multitude  of  vibrations;  and,  therefore,  very  frequently  Physics. 
afeends,  before  it  comes  to  reft  in  the  perpendicular.  L/TV 

There  are  feveral  inftances  of  perfons  choak’d  with  a hair.  The  reafon 
of  this  fatal  accident,  is  probably,  the  irritation  made,  by  the  ftay  of  fo  un- 
ufual  a thing  in  the  throat;  whence  arife  very  violent  and  diforderly  mo- 
tions to  expel  it,  in  the  organs  of  refpiration  ; by  which  means,  the  conti- 
nual circulation  of  the  blood,  neceflary  to  life,  is  hinder’d,  the  confequence 
whereof  is  fpeedy  death.  But  this  agrees  very  ill  with  the  vulgar  fuppofi- 
tion  of  fuch  a kind  and  provident  Being,  as  nature,  who  is  reprefented  as 
always  at  hand  to  preferve  the  life  of  animals,  and  fuccour  them  in  their 
dangers  and  diftreftes:  for  fince  a hair  is  fo  {lender  a body,  that  it  cannot 
ftop  the  throat,  fo  as  to  hinder,  either  the  free  pafiage  of  aliment  into  the 
ftomach,  or  that  of  air  to  or  from  the  lungs  ; were  it  not  much  better  for 
nature,  to  let  the  hair  ftay  there,  ’till  the  juices  of  the  body  have  refolv’d 
or  confum’d  it,  or  fome  favourable  accident  remov’d  it,  than  like  a paf- 
fionate  and  tranfported  thing,  oppofe  it  with  fuch  blind  violence,  that  in- 
ftead  of  ejeding  the  hair,  fhe  expels  the  life  of  the  perfon  ? 

How  the  care  and  wifdom  of  nature  will  be  reconcil’d  to  fo  improper 
and  diforderly  a procedure,  I leave  her  admirers  to  confider.  But  it  will 
appear  very  reconcileable  to  providence : for,  in  regard  of  the  ufe  and  ne- 
cefllty  of  deglutition,  and,  in  many  cafes  of  coughing  and  vomiting,  it 
was,  in  the  general,  moft  convenient,  that  the  parts  fubfervient  to  thefe  mo- 
tions, fhould  be  irritated  by  the  fudden  fenfe  of  things  that  are  unufual, 
tho’,  perhaps,  they  would  not  be  otherwife  dangerous  or  offenfive ; be- 
caufe  it  was  fit  that  the  providence  of  God  fhould,  in  providing  for  the 
welfare  of  animals,  have  more  regard  to  that  which  ufually  and  regularly 
befals  them,  than  to  extraordinary  cafes,  or  unfrequent  accidents  ; and 
the  like  confiderations  will  fufficiently  keep  the  divine  providence  from  ap- 
pearing to  ad  irrationally  or  injurioufiy  in  other  cafes. 

It  has  been  frequently  obferv’d,  that  pregnant  women  have  been  made 
to  mifearry  by  the  fmell  of  an  extinguifh’d  candle,  which  would  before 
have  indeed  difpleas’d,  but  not  endanger’d  the  fame  perfons:  fo  that  na- 
ture, in  thefe  cafes,  feems  very  far  from  being  fo  prudent  and  careful  as 
men  ufually  fancy  her,  fince  by  an  odour  fhe  is  put  into  fuch  unruly  tranf- 
ports : and  inftead  of  watching  for  the  welfare  of  the  woman,  whofe  con- 
dition needed  an  extraordinary  meafure  of  her  care  and  tendernefs,  fhe 
violently  precipitates  her  charge  into  a danger,  that  often  proves  fatal,  not 
only  to  the  mother,  but  alfo  to  the  child. 

How  the  grofs  aberrations  of  nature,  in  the  produdions  of  monfters, 
will  agree  with  that  great  uniformity,  and  excellent  skill,  aferibed  to  her  in 
feminal  produdions,  I leave  the  naturifts  to  confider.  Some  of  them,  I 
know,  lay  the  fault  upon  the  ftubbornnefs  of  the  matter,  that  would  not  o- 
bey  the  plaftic  power  of  nature ; but  ’tis  ftrange  it  fhould  be  pretended, 
that  nature,  which  they  make  a kind  of  femi-deity,  cannot  mould  and  fafhion 
fo  fmall,  foft,  and  tradable  a portion  of  matter, as  that  wherein  the  firft  mo- 
del and  efformation  of  the  embryo  is  made ; when,  at  the  fame  time,  they 
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tell  us,  fhe  is  able,  in  fucking-pumps,  to  raife  and  fuftain  whole  tons  of 
water,  to  prevent  a Vacuum  ; and  can  tofs  up  into  the  air,  houfes,  walls, 
caftles,  and  the  rocks  they  are  built  on,  to  let  kindled  gun-powder  have 
the  expan fion  its  new  date  requires. 

It  may  be  faid,  that  unlefs  we  admit  fuch  a Being  as  nature,  to  contrive 
and  manage  corporeal  things,  and,  in  a regular,  and  methodical  way,  diredt 
them  to  their  refpedlive  ends,  there  will  appear  no  vifible  footfteps  or  proof 
of  a divine  wifdom  in  the  world.  This  argument,  I confefs,  is  fo  fpecious, 
that  it  made  me  long  hefitate  what  to  think  of  the  receiv’d  notion  of  na- 
ture. But  having  further  confider’d  the  matter,  I faw  it  might  be  an- 
fwer’d,  that  the  curious  contrivance  of  the  univerfe,  and  many  of  its 
parts,  and  the  orderly  courfe  of  things,  with  a manifeft  tendency  to  de- 
terminate ends,  are  matters  of  fadt,  and  depend  not  uponthefuppofitionof 
fuch  a Being  as  they  call  nature  i but,  fetting  afide  this  or  that  hypothefis, 
may  be  known  by  infpedtion,  if  thofe  who  make  it  be  attentive  and  im- 
partial. Thus  when  a man  fees  a human  body  skilfully  difledted,  he  can- 
not, if  he  be  intelligent  and  unprejudic’d,  but  acknowledge,  that  there  is 
a mod  curious  and  exquifite  contrivance  in  that  incomparable  engine,  and 
in  the  various  parts  of  it,  which  are  admirably  fitted  for  diftindt  and  deter- 
minate ufes.  So  that  I cannot  fupprefs  the  manifeft  tokens  of  wifdom  and 
defign,  that  are  to  be  obferved  in  the  wonderful  conftrudtion  and  orderly 
operations  of  the  world  and  its  parts  •,  but  endeavour  to  refer  thefe  indica- 
tions of  wifdom  to  the  true  and  proper  caufe.  And,  as  in  the  hypothefis 
of  the  objedtors,  there  may  be  three  caufes  aflign’d  of  thefe  foot- fteps  of 
wifdom,  God , Nature  and  Chance  *,  if,  according  to  ourdodlrine.  Nature  be 
laid  afide,  the  competition  will  remain  only  between  God  and  Chance:  and 
fure  he  nmft  be  very  dull,  or  very  ftrongly  prejudic’d,  who  fhall  think  it 
reafonable  to  attribute  fuch  admirable  contrivances,  and  fuch  regular  con- 
duces, as  are  obfervable  in  the  corporeal  world,  rather  to  chance  ( which 
is  no  proper  caufe  at  all ) than  to  a moft  intelligent  Being,  from  which  the 
moft  curious  produdtions  may  well  be  expedted.  But  if  fuch  a celebrated 
thing,  as  nature  is  commonly  thought,  be  admitted,  ’twill  not  be  near  fo 
eafy  to  prove  the  wifdom  of  God  by  his  works,  fince  thefe  may  have  ano- 
ther caufe ; that  moft  watchful  and  provident  Being,  which  men  call  nature. 
And  this  will  be  more  particularly  difficult  in  the  Peripatetic  hypothefis  of  the 
eternity  of  the  world:  for,  according  thereto,  there  appears  no  neceffity,  that 
God  fhould  have  any  thing  to  do  with  it,  fince  he  d id  not  make  this  Automaton^ 
but  it  was  always  felf-exiftent,  not  only  as  to  matter,  but  as  to  form  too  : 
and  as  for  thegovernment  or  adminiftration  of  the  bodies  it  confifts  of,  that 
is  the  proper  bufinefs  of  nature.  If  it  be  objedted,  that  this  Being  is  by  its 
aftertors  acknowledg’d  to  be  fubordinate  to  God  j I anfwer,  that,  as  it 
may  juftly  be  queftion’d,  whether  many  philofophers,  and,  perhaps,  fome 
fedts  of  them,  who  are  adorers  of  nature,  confefs’d  her  to  be  but  the  fub- 
ftitute  of  a fuperior  and  divine  Being  : fo,  this  diftindtion  and  fubordina- 
tion  is  not  eafy  to  be  prov’d  againft  thofe  that  fide  with  the  other  an- 
cient philofophers,  who  either  acknowledg’d  no  fuch  thing,  or  exprefly 
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deny’d  it.  Befides,  this  objection  fuppofes  the  exiftence  and  fuperiority  of  Physics. 
a Deity,  which  therefore  needs  to  be  prov’d  by  other  ways  *,  whereas,  on 
my  hypothefis,  the  fame  phenomena  that  difcover  admirable  wifdom, 
and  manifeft  defigns  in  the  corporeal  world,  of  them felves  afford  a foil'd 
argument,  both  of  the  exiftence,  and  of  fome  of  the  grand  attributes  of 
God,  with  which  the  reft,  that  properly  belong  to  him,  have  a neceflary 
connexion. 

The  reafons  which  I conceive  may  have  induced  philofophers  to  take  up,  fhereafons 
and  rely  on  the  receiv’d  notion  of  nature,  arefuchas  thefe.  whereon  the 

1.  Oneof  the  moft  obvious  may  betaken  from  the  general  belief,  or,  ^iZure^ 
as  men  fuppofe,  obfervation,  that  feveral  bodies,  as  particularly  the  earth*,  °jepends  ex- 
water,  and  other  elements,  have  each  of  them  its  natural  place  aflign’d  it  amned. 
in  the  univerfe  *,  from  which  place,  ifany  portion  oftheelement,  or  a mix’d 
body,  wherein  that  element  predominates,  happens  to  be  remov’d,  it  has  a 
ftrong  incefiant  appetite  to  return  to  it  \ becaufe,  when  there,  itceafesto 
gravitate,  and  is  then  in  a place  which  nature  has  qualified  to  preferve  it. 

Now,  I readily  grant,  that  there  being  fuch  a quantity  of  very  bulky 
bodies  in  the  world,  ’twas  necelfary  they  fhould  have  places  adequate  to 
their  bignefs  ; and  ’twas  thought  fit  by  the  wife  architect  of  the  univerfe, 
that  they  fhould  not  be  all  blended  together,  but  that  a great  portion  of 
each  fhould,  at  the  beginning  of  things,  be  difpos’d  of  and  lodg’d  in  a di- 
ftinCt  and  convenient  place.  But  I fee  no  neceffity  of  granting  what  is  af- 
ferted  in  the  argument : for  inanimate  bodies  having  no  fenfe  or  percep- 
tion, it  muft  be  all  one  to  them  in  what  place  they  are  *,  becaufe  they  cannot 
be  concern’d  to  be  in  one  place  rather  than  in  another,  fince  fuch  a prefe- 
rence would  require  a knowledge  that  inanimate  things  have  not.  And, 
for  the  fame  reafon,  a portion  of  an  element,  remov’d  by  force  or  chance, 
from  what  they  call  its  proper  place,  can  have  no  real  appetite  to  return 
thither  *,  for,  who  tells  it  that  ’tis  an  undue  place,  and  that  it  may  better 
its  condition  by  removing  into  another?  And,  who  informs  it,  whether 
that  place  lies  on  this  fide  of  it,  or  on  that,  above  it,  or  beneath  it?  Some 
philofophers,  indeed,  have  been  aware  of  the  weaknefs  of  the  argument, 
drawn  from  thevulgarinftanceof  terreftrial  bodies ; which  being  let  fall  from 
an  eminence^or  thrown  into  the  air,  fall  of  themfelves,  in  a direCt  line,  to- 
wards the  centre  of  the  earth ; and  therefore  they  have  ftrengthen’d  it,  by 
pretending,  that  thefe  bodies  have  not  ( as  the  ancients  pretended ) an  ap- 
petite todefcend  to  the  centre  of  the  earth,  but  to  the  great  mafs  of  their 
connatural  bodies.  I will  not,  therefore,  accufe  thefe  philofophers,  of  the 
inconfiderate  opinion  of  their  predeceffors,  who  would  have  nature  make 
all  heavy  things  affeCt  to  lodge  themfelves  in  the  center  of  the  earth,  which 
being  but  a point,  cannot  contain  any  one  of  them ; yet  the  hypothefis  of 
thefe  is  liable  to  other  weighty  objections. 

For,  firft,  it  is  not  conceivable,  how  an  inanimate  body  fhould  have  an 
appetite  to  re-unite  with  homogeneous  bodies,  whofe  fituation,  anddiftance 
are  unknown  to  it. 
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(2.)  It  does  not  appear  that  all  bodies  have  fuch  an  appetite,  as  Is  pre- 
fum’d,  of  joining  themfelves  to  greater  mafies  of  connatural  bodies.  If  you 
file  the  end  of  an  ingot  of  filver  or  of  gold,  the  filings  will  not  flick  to  their 
own  mafs,  placed  ever  fo  near,  or  made  to  touch  them,  much  lefs  will  they 
leap  to  it,  when  ’tis  at  a diflance  from  them.  The  like  may  be  faid  of  ai- 
rport all  the  confident  bodies  we  are  acquainted  with,  except  the  load-done 
and  iron,  and  bodies  that  participate  of  one  or  the  other  of  them. 

(3.)  ’Tis  obvious,  that  what  makes  terreftrial  matter  fall  thro’  the  air  to 
the  earth,  is  fome  general  agent,  which,  according  to  the  wife  difpofitiorv 
of  the  author  of  the  univerfe,  determines  the  motion  of  thofe  bodies  we 
call  heavy,  by  the  fhorteft  ways  permitted  them,  towards  the  central  part 
of  the  terraqueous  globe  *,  whether  the  body,  put  in  motion  downwards* 
be  of  the  fame,  a like,  or  a quite  different  nature,  from  the  greater  mafs 
of  matter,  to  which,  when  ’tis  affociated,  it  refts.  If,  from  the  fide  of 
a fhip,  you  let  fall  a chip  of  wood,  when  your  arm  is  fo  ftretch’d  out, 
that  the  perpendicular,  or  fhorteft  line,  between  that  and  the  water,  lies 
ever  fo  little  without  the  fhip  ; that  chip  will  fall  into  the  fea,  which  is  a 
fluid  body,  and  quite  of  another  nature  than  itfelf,  rather  than  fwerve  in 
the  lead  from  its  line  of  direction,  to  rejoin  itfelf  to  the  great  bulk  of 
wood,  whereof  the  fhip  confids.  On  the  other  fide,  if  a man,  handing 
upon  the  fhore  jud  by  the  fea,  rtiall  pour  out  a glafs  of  water,  holding  the 
glafs  jud  over  his  feet  *,  that  water  will  fall  into  the  fand,  where  ’twill  be 
immediately  foaked  up,  and  difperfed,  rather  than  deviate  a little,  to  join 
itfelf  to  fo  great  a mafs  of  connatural  body,  as  is  the  ocean. 

To  the  general  belief,  ufually  made  part  of  the  preceding  argument, 
that  water  does  not  gravitate  in  water,  its  own  natural  place  *,  I reply,  that 
water  does  gravitate  in  water,  as  well  as  out  of  it,  and  I elfewhere  prove  it. 

2.  Another  argument,  in  favour  of  the  receiv’d  opinion  of  nature,  may 
be  drawn  from  the  drong  appetite  that  bodies  have  to  recover  their  ulual 
date,  when,  by  any  means,  they  are  put  out  of  it,  and  thereby  forc’d  into 
a date  that  is  called  preternatural ; as  air,  violently  compreffed  in  a blown 
bladder,  will,  as  foon  as  the  force  is  remov’d,  return  to  its  fird  dimen- 
fions  : as  the  blade  of  a fword  bent,  redores  itfelf  by  its  innate  power,  as 
foon  as  the  force  ceafes  ; and  as  water,  made  hot  by  the  fire,  Martens,  when 
’tis  removed  thence,  to  recover  its  former  coldnefs. 

But  this  argument,  is  grounded  on  the  affections  of  inanimate  bodies  ; 
and  fince  an  inanimate  portion  of  matter  is  confelfedly  deditute  of  know- 
ledge and  fenfe  ; it  is  uncapable  of  concern  to  be  in  one  date,  or  confiitu- 
tion,  rather  than  another  ; for,  it  has  no  knowledge  of  that  wherein  it  is 
at  prefent,  nor  remembrance  of  that  from  which  it  was  forc’d  ; and,  con- 
fequently,  no  appetite  to  forfake  the  former,  and  return  to  the  latter.  But 
every  inanimate  body,  being,  of  itfelf,  indifferent  to  all  places  and  dates, 
continues  in  that  place,  or  date,  to  which  the  aCtion  and  refidance  of  other 
bodies,  and  efpecially  contiguous  ones,  effectually  determine  it. 

And,  before  it  be  afferted,  that  water  heated,  returns,  of  itfelf,  to 
its  natural  coldnefsj  it  were  fit,  that  the  affertors  Ihould  determine, 
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what  degree,  or  meafure  of  coldnefs  is  natural  to  that  liquor  ; and  this,  if  Physics. 
I miftake  not,  will  prove  no  eafy  task.  And  I think  it  yet  more  difficult 
to  determine,  what  degree  of  coldnefs  is  natural  to  water,  fince  this  liquor 
perpetually  varies  its  temperature,  as  to  cold  and  heat,  according  to  that 
of  the  contiguous,  or  neighbouring  bodies,  efpecially  the  air.  And  there- 
fore the  water  of  an  unfhaded  pond,  for  inftance,  tho’  it  refts  in  its  pro- 
per and  natural  place,,  as  they  fpeak  ; yet,  in  autumn,  if  the  weather  be 
fair,  the  temper  of  it  will  much  vary  in  the  compafs  of  the  fame  day  ; 
and  the  liquor  be  much  hotter  at  noon,  than  early  in  the  morning,  or  at 
midnight;  tho5  this  great  diverfity  be  the  effeft  only  of  a natural  agent, 
the  fun,  a&ing  according  to  its  regular  courfe.  And,  in  the  depth  of 
winter,  ’tis  generally  confeffed,  that  water  is  much  colder  than  in  the  heat 
of  fummer ; which  feems  to  be  the  reafon  of  what  is  obferv’d  by  water- 
men, that,  on  rivers,  boats  equally  laden,  will  not  fink  fo  deep  in  winter 
as  in  fummer  ; the  cold  condenfing  the  water,  and,  confequently,  making 
it  fpecifically  heavier  in  the  former  feafon  than  in  the  latter. 

As  to  the  motion  of  reftitution,  obiervable  upon  the  removal,  orceafing, 
of  the  force  in  air  violently  compreffed,  and  in  the  blade  of  a fword,  for- 
cibly bent  ; I confefs,  it  feems  to  me  very  difficult  to  affign  the  true  me- 
chanical caufe  of  it : yet,  I think  it  far  more  likely,  that  the  caufe  fhould 
be  mechanical,  than  that  the  effedl  proceeds  from  fuch  a watchfulnefs  of 
nature,  as  is  pretended.  For  I queftion  whether  we  have  any  air  here  be- 
low, that  is  in  other  than  a violent  ftate  ; the  lower  parts  of  our  atmofphere 
being  conftantly  compreffed  by  the  weight  of  the  upper. 

A long  narrow  plate  of  filver,  that  has  not  been  hammer’d,  compreffed* 
or  made  red-hot  in  the  fire,  and  fuffer’d  to  cool  leifurely,  may  be  bent-any 
way,  and  will  conftantly  retain  the  laft  curve  figure,  that  you  gave  it. 

But  if,  having  again  ftraiten’d  this  plate,  you  give  it  a few  fmart  ftrokes 
with  a hammer,  it  will,  by  that  mere  mechanical  change,  become  a fpringy 
body.  The  like  may  be  obferv’d  in  copper,  but  not  fo  remarkably,  and 
fcarceatail,  in  lead.  From  thefe  phenomena,  I demand  why,  if  nature 
be  fo  careful  to  reftore  bodies  to  their  former  ftate,  fhe  does  not  reftore  the 
filver-plate  to  its  ftraitnefs,  when  it  is  bent  this  way,,  or  that  way,  before 
it  be  ha  miner ’d  ? and  why  a few  ftrokes  of  a hammer  fhould  entitle  the 
plate  to  nature’s  peculiar  care,  and  make  her  follicitous  to  reftore  it,  when 
bent?  And  why,  if  the  fpringy  plate  be  again  heated  and  cooled  of  it*- 
felf,  nat  ure  abandons  her  former  care,  and  fuffers  it  quietly  to  continue  in 
what  crooked  pofture  one  pleafes  to  put  it  ? And  what  is  the  reafon  of 
nature’s  greater  partiality  to  filver,  copper,  and  iron,  than  to  lead  and 
gold,  with  regard  to  the  motion  of  reftitution  ? However,  even  in  fword- 
blades,  it  has  been  often  obferved,  that  tho’  if,  foon  after  they  are  bent, 
the  force  that  bent  them  be  withdrawn,  they  will  fuddenly  return  to  their 
former  ftraitnefs  ; yet,  if  they  be  kept  too  long  curved,  they  will  lofe 
their  elaftic  power,  and  continue  in  that  crooked  pofture,  tho’  the  force 
that  put  them  into  it,  ceafes  to  a (ft : fo  that,  it  feems,  nature  eafily  forgets 
the  care  fhe  was  here  prefumed  at  firft  to  take. 

3.  it 


126 

Physics. 


A free  Inquiry  into  the 

g.  It  paflfes  for  current,  and  feems  much  to  favour  the  opinion  of  the  na- 
turids,  that  what  is  violent,  is  contrary  to  nature,  and  therefore  cannot 
lad  long.  This  trite  fentence  is,  by  the  fchools,  fo  particularly  apply’d  to 
local  motion,  that  fome  of  them  have  made  it  the  chara&eriftic,  whereby 
to  didinguifh  natural  motions  from  others ; that  the  former  are  perpetual, 
or  at  lead  very  durable,  but  the  latter,  being  continually  check’d  by  the 
contrariety  of  nature,  continually  decay,  and  are,  within  no  long  time, 
fupprefled. 

But  it  may  be  juftly  quedioned,  whether  there  is  any  motion  among  in- 
animate bodies,  that  defervesto  be  called  violent,  in  contradidin6tion  to  na- 
tural; fince,  among  fuch,  all  motions,  where  no  intelligent  agent  inter- 
venes, are  made  according  to  univerfal,  and  mechanical  laws. 

And  methinks,  the  Peripatetics , who  are  mod  forward  to  employ  this 
axiom,  fhould  find  but  little  reafon  for  doing  fo,  if  they  confider’d  how  un- 
fuitable  it  is  to  their  do&rine,  that  the  vad  body  of  the  firmament,  and  all 
the  planetary  orbs  are,  by  the  Primum  Mobile , with  a dupendous  fwiftnefs, 
whirl’d  about  from  ead  to  wed,  in  four  and  twenty  hours,  contrary  to 
their  natural  tendency ; and,  that  this  violent  and  rapid  motion,  of  the 
incomparably  greater  part  of  the  univerfe,  has  laded  as  long  as  the  world 
itfelf,  that  is,  according  to  Ariftole , for  innumerable  ages. 

We  may  alfo  obferve  here  below,  that  the  ebbing  and  flowing  of  the 
fea,  which  is  generally  fuppos’d  to  proceed  either  from  the  motion  of  the 
moon,  or  that  of  the  terredrial  globe,  or  fome  other  external  caufe,  has 
laded  for  fome  thoufands  of  years,  and  probably  will  lad  as  long  as  the 
prednt  fydem  of  our  vortex  continues.  Thar  other  great  ocean  too,  the 
atmofphe&e,  confids  of  numberlefs  myriads  of  corpufcles,  that  are  here 
be£ow  continually  kept  in  a violent  date  ; fince  they  are  cladical  bodies, 
whereof  the  lower  are  dill  comprefs’d  by  the  weight  of  the  upper.  And, 
to  make  a fpring  of  a body,  it  is  requifite  that  it  be  forcibly  bent  or 
stretch’d,  and  have  fuch  a perpetual  endeavour  to  fly  open,  or  to  dirink 
in,  that  it  will  not  fail  to  do  either,  as  foon  as  the  force,  that  hinder’d 
it,  is  remov’d.  And,  as  for  the  dates  of  inanimate  bodies,  I fee  not, 
that  their  being  or  not  being  natural,  is,  with  any  certainty,  manifed 
from  their  being  or  not  being  very  durable.  For  leaves  that  wither  in  a 
few  months,  and  blofloms  that  often  fade  in  a few  days,  are  as  well  natu- 
ral bodies,  as  the  folid  and  durable  trees  that  bear  them.  And  ’tis  obvious, 
that,  whether  we  make  the  date  of  fluidity,  or  of  congelation,  to  be  na- 
tural to  water,  and  the  other  violent;  its  change  from  one  of  thofe  dates 
into  the  other,  and  even  its  return  to  its  former  date,  is  often,  at  fome 
feafons,  and  in  fome  places,  made  perhaps  in  an  hour  or  lefs,  by  caufes 
acknowledg’d  to  be  natural.  Mifis,  hail,  whirlwinds,  lightning,  falling- 
dars,  &c.  tho’ natural  bodies,  are  far  from  being  lading;  efpecially  in 
comparifon  of  glafs,  wherein  the  ingredients,  fand  and  fix’d  fait,  are 
feroupht  together  by  great  violence  of  fire.  And  the  motion  that  a thin 
plate^f  this  glafs  can  exercife,  to  redore  itfelf  to  its  former  pofitkn,  when 
forcibly  bent,  is  in  great  part  a lading  effect  of  the  fame  violence  of  the 
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fire:  and  fo  is  the  moft  durable  perfeverance  of  the  aJkaline  fait,  one  of  Physics. 
the  two  ingredients  of  glafs,  tho*  very  eafily  foluble  in  water  and  other 
liquors,  and  even  in  the  moift  air  itfelf. 

4.  There  is  a diftindlion  of  local  motion,  into  natural  and  violent,  fo  ge- 
nerally received  and  ufed,  both  by  philofophers  and  phyficians,  that  it 
deferves  our  notice  here  ; fince  it  implicitly  contains  an  argument  for  the 
exiftence  of  the  thing  call’d  nature,  by  fuppofing  it  fo  manifeft,  that  an 
important  diftin&ion  may  juftly  be  grounded  on  it. 

This  objection,  I confefs,  is  difficult  to  clear;  not  for  any  force  in  it, 
but  the  ambiguity  of  the  terms,  wherein  the  diftin&ion  is  employ’d : for 
moft  men  fpeak  of  this  diftindlion  or  motion,  in  fo  obfcure,  or  fo  uncer- 
tain a way,  that  ’tis  noteafy  to  know  what  they  mean  by  either  member 
thereof.  Yet  fome  there  are,  who  endeavour  to  fpeak  intelligibly,  and 
define  natural  motion  to  be  that,  whofe  principle  is  within  the  moving 
body  ; and  violent  motion,  that  which  bodies  are  put  into  by  an  external 
agent.  Bui,  even  according  to  this  explication,  I am  not  fatisfied  with  the 
diftindlion:  for,  as  ’tis  a principle  received,  and  frequently  employ’d,  by 
Ariftotle  and  his  followers,  That  whatever  move  j,  is  put  in  motion  by  fomewhal 
elfe ; it  feems,  that,  according  to  this  axiom,  all  motion  may  be  called 
violent,  fince  it  proceeds  from  an  external  agent.  And  indeed,  according 
to  the  fchool-philofophers,  the  motion  of  far  thegreateft  part  of  the  vifible 
world,  tho’  this  motion  be  moft  regular  and  lafting,  muft  hence  be  reputed 
violent ; fince  they  afiert,  that  the  immenfe  firmament  itfelf,  with  all  the 
planetary  orbs,  is  perpetually,  and  againft  its  native  tendency,  hurry’d 
about  the  centre  of  the  world,  once  in  twenty-four  hours,  by  an  external, 
invifible  agent,  which  they  therefore  call  the  Primum  mobile.  And  as  for 
the  criterion  of  natural  motion,  that  its  principle  is  within  the  moving  body , 
it  maybe  faid,  that  all  bodies,  once  in  the  ftate  of  actual  motion,  what- 
ever caufe  firft  brought  them  to  it,  are  moved  by  an  internal  principle:  for 
inftance,  an  arrow,  that  actually  flies  in  the  air  towards  a mark,  moves 
by  fome  principle  or  other  refiding  within  itfelf ; for  it  does  not  depend  on 
the  bow  ’twas  (hot  out  of,  fince  ’twould  continue,  tho’  that  were  broken,  or 
annihilated  ; nor  does  it  depend  upon  the  medium,  which  more  refills  than 
affifts  its  progrefs.  And  if  we  fnould  fuppofe  the  air  either  to  be  annihi- 
lated, or  render’d  uncapable  of  furthering  or  hindring  its  progrefs,  I fee 
not  why  the  motion  of  the  arrow  muft  necefiarily  ceafe,  fince  in  this  cafe 
there  remains  no  medium  to oppofe  its  progrefs.  When  in  a watch  that 
is  wound  up,  the  fpring  endeavours  to  unbend  itfelf ; and  when  the  firing 
of  a drawn  bow  is  broken  or  let  go ; the  fpring  of  the  former,  and  the 
woody  part  of  the  latter,  both  return  to  a lefs  curved  line.  And  tho’ 
thefe  motions  are  occafioned  by  the  forcible  a6ls  of  external  agents,  yet  the 
watch,  the  fpring,  and  the  bow,  have  in  themfelves,  for  ought  appears  to 
thofe  I reafon  with,  an  inward  principle,  by  which  they  are  mov’d,  till 
they  have  attain’d  their  pofition.  Some  would  add,  that  a fquib,  or  a 
rocket,  tho’  an  artificial  body,  feems,  as  well  as  a falling-ftar,  to  move 
from  an  internal  principle.  On  the  other  fide,  external  agents  are  requifite 
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to  many  motions,  acknowledg’d  to  be  natural  •,  as  the  heat  of  the  fun  to 
the  germination  and  flourifhing  of  feveral  plants,  hung  up  in  the  air  in  the 
fpring.  And  if  in  the  air-pump  you  place  feveral  infefts,  and  withdraw 
the  common  air  from  the  receiver,  they  will  lie  movelefs,  as  if  they  were 
dead,  tho*  it  be  for  feveral  hours,  whilft  they  are  kept  from  enjoying  the 
air:  but  when  that  is  permitted  again  to  return  upon  them,  they  will  pre- 
fently  revive,  and  be  brought  to  move  again  ; as  if  a fly,  for  inflance,  re- 
fembled  a little  wind-mill,  in  being  movelefs  of  itfelf,  and  requiring  the 
action  of  the  air  to  put  its  wings,  and  other  parts  into  motion.  But,  flnce 
motion  is  not  eflential  to  matter,  as  divifibility  and  impenetrability  are  be- 
liev’d to  be  ; the  motions  of  all  bodies,  at  leaft  at  the  beginning  of  things, 
and  of  moft,  the  caufes  of  whofe  motions  we  can  difcern,  were  imprefied 
on  them  ; either  by  an  external  immaterial  agent,  God,  or  by  external 
portions  of  matter  acting  on  them. 

And  tho’  motion  be  defervedly  made  a principal  part  of  Ariftotle* s defi- 
nition of  nature  ; yet  men  ufually  call  fuch  motions  natural,  as  are  very 
hard  to  diftinguifh  from  thofe  they  call  violent.  Thus,  when  water  falls 
to  the  ground,  they  tell  us,  this  motion  is  natural  to  that  liquor,  as  ’tis  a 
heavy  body ; but  when  a man  fpurts  water  into  the  air,  they  pronounce 
the  motion,  becaufe  of  its  tendency  upwards,  to  be  contrary  to  nature: 
yet  when  he  draws  water  into  his  mouth  thro’  a pipe  held  perpendicularly, 
they  will  have  this  motion,  tho*  direddy  upwards,  to  be  not  violent,  but 
natural.  So  when  a blown  bladder,  let  fall  upon  a floor,  rebounds,  the 
defcent  and  afcent  are  both  faid  to  be  natural  motions  •,  tho*  the  former 
tends  towards  the  centre  of  the  earth,  and  the  latter  from  it.  And  fo,  if, 
from  a confiderable  height,  you  let  fall  a fphere  of  fome  clofe  wood,  not 
too  heavy,  into  a deep  veflel  of  water,  it  will  defcend  far  in  that  liquor, 
by  a natural  motion  ; yet  its  contrary  motion,  upwards,  ought  not  to  be 
efteem’d  violent,  flnce,  according  to  the  fchools,  being  lighter  in  fpecie 
than  water,  ’tis  natural  to  it  to  affed  its  proper  place  ; for  which  purpofe, 
it  mult  afcend  to  the  top  of  the  liquor,  and  float.  ’Tis,  however,  from 
thefe  tendencies  to  oppofite  points,  that  men  judge  many  motions  of  bo- 
dies to  be  natural,  or  violent. 

And,  indeed,  flnce  it  mult  be  indifferent  to  a lifelefs  and  infenflble  body, 
to  what  place  ’tis  made  to  move,  all  its  motions  may,  in  one  refped,  be 
faid  to  be  natural ; and,  in  another,  violent : for  as  very  many  bodies,  of 
a viflble  bulk,  are  fet  in  motion  by  external  impellents,  upon  which  ac- 
count, their  motions  may  be  faid  to  be  violent  *,  fo  the  generality  of  im- 
pell’d  bodies,  move  upwards,  downwards,  &V.  toward  any  part  of  the 
world,  in  what  line  foever  they  find  their  motion  leaft  refifted  ; which  im- 
pulfe  and  tendency  being  given  by  virtue  of  what  they  call  the  general 
laws  of  nature,  the  motion  may  be  faid  to  be  natural. 

The  vulgar  diftin&ion  of  motion,  therefore,  into  natural  and  violent, 
is  not  fo  clear  and  well-grounded,  as  to  oblige  us  to  admit  that  there  is  fuch 
& Being  as  the  naturifts  afifert.  • * 
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5.  I come  now  to  confider  the  argument  that  may  be  drawn  in  favour  of  Physics. 
the  receiv’d  notion  of  nature,  from  the  critical  evacuations,  which  happen 
in  difeafes ; and  the  drange  dratagems  that  nature  is  faid  to  make  ufe  of, 
to  free  herfelf  from  the  noxious  humours  that  opprefs  her.  exmirf/.' ' * 

This  argument  I willingly  acknowledge  to  be  very  confiderable  *,  for  we 
really  fee,  that  in  continual  fevers,  efpecially  in  hot  climates,  there  ufually 
happen,  at  certain  times  of  the  difeafe,  notable  commotions,  or  conflicts, 
after  which  the  morbific  matter  is  difpofed  of,  and  difcharged  by  ways 
drange  and  furprizing ; to  the  great  and  fudden  relief  of  the  patient. 

Upon  this  account,  I take  the  argument  drawn  from  crifes  to  be  much  the 
dronged  that  can  be  urged  for  the  opinion  from  which  I diffent. 

But  the  body  of  a man  is  an  incomparable  engine,  which  the  mod  wife 
author  of  things  has  fo  skilfully  framed,  for  lading  many  years,  that,  if 
there  were  in  it  an  intelligent  principle  of  felfiprefervation,  (as  the  natu- 
res fuppofe  there  is)  things  would  not,  in  mod  cafes,  be  better,  or  other- 
wife  managed,  for  the  prefervation  of  the  animal,  than  they  generally  are. 

So  that  the  quedion  is  not,  whether  there  be  a great  deal  of  providence  and 
wifdom  exercifed  in  the  crifes  of  difeafes  but  upon  what  account  it  is, 
that  thefe  appofite  things  are  perform’d?  ’Tis  the  univerfal  opinion  of 
phyficians,  that  ’tis  the  intelligent  principle  they  call  nature*,  which,  be- 
ing follicitous  for  the  welfare  of  the  patient,  and  didrefied  by  the  quantity 
or  hurtfulnefs  of  the  morbific  matter,  watches  her  opportunity  to  expel  it 
hadily  out  of  the  body,  by  the  mod  fife  and  convenient  ways,  which,  in 
the  prefent  condition  of  the  patient,  can  be  taken.  I,  on  the  other  fide, 
attribute  crifes  to  the  wifdom  and  ordinary  providence  of  God,  exerting 
itfelf  by  the  mechanifm  of  that  great  machine,  the  world  ; and  of  that 
fmaller  engine,  the  human  body,  as  condituted  in  the  patient’s  circum- 
dances.  The  reafons  that  hinder  me  from  acquiefcing  in  the  general  opi- 
nion of  phyficians,  about  crifes,  are  principally  thefe. 

Crifes,  properly  fo  call’d,  very  feldom  happen,  except  in  fevers,  and 
the  like  acute  difeafes  *,  where,  according  to  the  common  courfe  of  things, 
the  diforder  is  foon  terminated,  either  by  recovery,  death,  or  a change 
into  fome  other  difeafe : but  chronical  ficknefles,  unlefs  they  happen  to  be 
accompany’d  with  feverifh  didempers,  ufually  have  no  crifes.  This  ar- 
gues, that  nature  doth  not  make  critical  evacuations,  upon  account  of 
Inch  care  and  watchfulnefs,  as  phyficians  afcribe  them  to  ; fince  die  neg- 
iedls  to  employ  fo  w.holefome  an  expedient  in  difeafes,  that  are  often  no 
lefs  dangerous  and  mortal  than  acute  ones,  whild  Ihe  attempts  to  cure  by 
crifes. 

Again,  critical  evacuations  may  be  procured  by  the  bare  mechanifm  of 
the  body  *,  for,  by  virtue  of  that,  the  fibres,  or  motive  organs  of  the  do- 
mach,  Vifcera , and  other  parts,  being  didended,  or  vellicated,  by  the 
abundance,  or  acrimony,  of  the  peccant  matter,  will,  fometimes,  by  fuch 
an  irritation,  be  made  to  contract  themfelves  vigoroufly,  and  to  throw 
out  the  matter  that  offends  the  part,  either  by  the  emundlories  of  the  bo- 
dy, or  by  whatever  paffages  it  can,  with  mod  eafe,  be  difcharged.  Thus, 
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when  Tome  men  find  their  ftomachs  burden’d  with  aliment,  they  provoke 
it  to  unload  itfelf  with  a feather,  or  the  like,  without  being  beholden  to 
nature’s  watchfulnefs  for  a crifis,  which,  probably,  fhe  would  not  attempt. 
And  as  ’tis  ufual  for  crifes  to  be  made  in  fevers  by  large  hemorrhagies  at 
the  nofe,  and  other  parts  *,  which  is  afcribed  to  nature’s  care  for  the  pa- 
tient’s recovery  ; I muft  add,  that  it  hath  been  often  obferved,  that  even, 
after  death,  large  bleedings  have  happen’d  at  feveral  other  parts  of  the 
body  *,  which  fhews,  that  fuch  excretions  may  be  made  by  virtue  of  the 
ftrudlure  of  the  machine,  or  the  turgefcence  and  acrimony  of  the  humours, 
without  any  defign  of  nature  to  favethe  life  of  the  patient. 

Indeed,  if  it  appear’d,  by  experience,  that  all  crifes  of  difeafes  either 
expell’d  the  morbific  matter,  or  notably  relieved  the  patient  *,  the  critical 
attempts  of  nature  would  much  favour  the  opinion  men  have  conceiv’d  of 
her  vigilance  and  conduct : but  unwelcome  inftances  daily  fhew,  that,  as 
fome  crifes  are  falutary,  fo  others  prove  mortal.  And,  among  thofe  that 
do  not  diredtly  kill  the  patient,  there  are  feveral  which  leave  him  in  a worfe 
condition  than  he  was  before.  I therefore  wonder  not,  that  phyficians 
have  thought  themfelves  obliged  to  lay  down  feveral  circumftances,  as 
neceflfary  requifites  of  a laudable  crifis ; if  any  of  which  be  wanting,  ’tis 
not  thought  of  the  beft  kind  : and  if  the  contrary  to  fome  of  them  hap- 
pen, ’tis  to  be  judged  either  pernicious,  or  hurtful.  For  as  there  are  two 
general  ways  fuppofed  to  be  employ’d  by  nature,  in  making  crifes,  the 
one  by  expulfion  of  the  peccant  matter  out  of  the  body  *,  and  the  other,  by 
the  fettling  of  the  matter  fomewhere  within  it  i neither  of  thcfe  is  con- 
ftantly  fuccefsful. 

Whence  experience  hath  obliged  phyficians  to  divide  crifes  not  only  into 
perfedt,  that  fully  determine  the  event  of  the  difeafe  *,  and  imperfedt,  that 
only  alter  it  for  the  better  or  the  worfe  *,  but  into  falutary,  that  quite  re- 
lieve the  patient  *,  and  mortal,  which  deftroy  him.  And,  to  a perfedt 
and  falutary  crifis,  fome  require  no  lefs  than  fix  conditions ; that  it  be 
preceded  by  figns  of  codtion  i that  it  be  made  by  a manifeft  and  fufficient 
excretion,  or  tranflation  ; that  it  happen  upon  a critical  day  j that  it  leave 
no  relicks  behind,  to  endanger  a relapfe-,  that  it  be  without  dangerous 
iymptoms  j and,  laftly,  fuitable  to  the  nature  of  the  difeafe,  and  the  pa- 
tient. 

Hence  it  may  appear  no  common  thing  to  meet  with  a perfedt  and  fa- 
lutary crifis,  fince  fo  many  laudable  conditions  muft  concur  in  it.  And, 
indeed,  nature  ufually  takes  up  but  with  imperfedt  ones  ; and  it  were 
happy  if  fhe  made  no  better,  provided  fhe  made  no  worfe.  But  ’tis  found, 
by  fad  experience,  that  fhe  rouzes  herfelf  up  to  make  a crifis,  not  only 
upon  improper  days,  butalfo  when  there  appear  no  figns  of  codtion  ; and, 
by  thefe  unfeafonable  attempts,  weakens  the  patient  and  increafes  the 
malady,  or,  perhaps,  makes  it  fpeedily  mortal.  Nor  will  it  juftify  nature, 
to  fay,  that  thefe  attempts  are  accidentally  brought  on,  by  the  acrimony, 
or  importunity  of  the  morbific  matter,  by  which  fhe  is  provoked,  before 
the  time,  to  endeavour  an  expulfion  of  it.  For  if  nature  be  fo  prudent 
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and  watchful  a guardian,  as  is  thought,  fhe  fhould  not  fuller  herfelf  to  be  Physics. 
provoked  to  ad  prepofteroufly,  and  make  furious  attempts,  that  lavifh 
the  little  ftrength  the  patient  hath  fo  much  need  of.  And,  therefore,  phy- 
sicians often  do  very  well,  when,  agreeably  to  the  didates  of  prudence, 
they  forget  how  much  wifdom  they  are  apt  to  afcribe  to  nature,  and 
employ  their  bed  skill  and  remedies  to  lupprefs,  or  moderate,  the  inordi- 
nate motions,  or  the  improper  and  profufe  evacuations,  that  fhe,  when 
irritated,  rafhlv  begins  to  make.  And  tho’  thecrifes  that  are  made  by  a 
tranflation  of  the  peccant  matter,  or  by  lodging  it  in  fome  particular 
part  of  the  body,  be  often,  when  they  are  not  falutary,  fomewhat  lefs 
hurtful  than  thofe  made  by  excretion  ; yet  thefe,  frequently,  prove  dan- 
gerous ; fometimes  producing  inward  impofthumes,  or  external  tumors, 
in  parts  either  noble  by  their  fundions,  Situation,  connexion,  or  Sympathy 
with  others,  that  are  not  to  be  without  hazard,  or  great  inconvenience, 
oppreSs’d. 

I know  that  phyficians  make  it  a great  argument  of  nature’s  providence 
and  skill,  that  fhe  watches  for  the  concodion  of  the  peccant  matter,  before 
fhe  attempts  to  expel  it  by  a crifis.  But  what  is  to  be  meant  by  thiscodion 
of  humours,  they  do  not  clearly  declare.  As  I underdand  it,  when  they  Say, 
that  a portion  of  peccant  matter  is  brought  to  codion,  they  mean,  that  it 
has  acquir’d  Such  a difpofition,  as  makes  it  more  fit  than  before,  to  be  Se- 
parated from  the  Sounder  portion  of  the  mafs  of  blood,  or  from  the  con- 
fident parts  to  which  it,  perhaps,  formerly  adhered  ; and  to  be  afterwards 
expell’d  out  of  the  body.  As  where  the  lungs  areaffeded  by  a frefh  taken 
cold,  we  See,  that,  after  a Sew  days,  the  phlegm  is  made  more  fluid,  and  that 
lodg’d  in  them,  is  eafily  brought  up  by  the  coughing,  which  could  not 
diflodge  it  before. 

And,  in  fevers,  that  Separation  in  the  urine,  which  phyficians  look  upon 
as  a good  Sign  of  codion.  Seems  to  be  produc’d  by  Some  part  of  the  pec- 
cant matter,  that,  beginning  to  be  Separated  from  the  blood,  mixes  with 
the  urine,  and  is  not  ufually  diftinguifh’d  from  it,  whild  this  liquor  is 
warm  -,  but  when  grown  cold,  on  account  of  its  weight,  or  texture,  ap- 
pears in  a didind  form  ; as  of  a cloud.  Sediment,  &c. 

But,  whatever  they  mean  by  codion,  ’tis  plain  that,  on  many  occafions, 
nature  waits  not  for  it,  but  unreasonably,  and  often  with  danger,  attempts 
to  throw  off  the  matter  that  offends  her,  before  it  be  duly  prepar’d  for  ex- 
pulfion. 

’Tis  a circumftance  of  crifes,  thought  the  mod  wonderful,  that  nature 
often,  by  very  unufual  ways,  and  atunexpeded  places,  discharges  the  mat- 
ter that  offends  her,  and  thereby  either  cures,  or  notably  relieves  the  pa- 
tient. 

But,  Setting  afide  extraordinary  cafes,  it  Seems  probable,  that  the  perfor- 
mances ofnature,in  common  crifes, are, in  Some  meafure,  referable  to  the  par- 
ticular condition  of  th^  matter  to  be  expell’d, but  principally  to  a peculiar  dif- 
pofition in  the  primitive  fabric  of  Some  parts  of  the  patient’s  body  ; or  Some 
unufual  change  made  in  the  condrudion  of  thefe  parts  by  the  difeafe  itfelf,  or 
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Ph  ysics,  other  accidents : which  original,  or  adventitious  difpofition  being  invifible 
to  us,  at  leaft  whilft  the  patient  lives,  we  are  apt  to  afcribe  the  unexpected 
accidents  of  a crifis,  if  it  prove  falutary,  to  the  wonderful  providence  of 
nature  ; and  if  it  happen  otherwife,  to  overlook  them.  Plentiful  evacu- 
ations, procured  by  medicines,  are  a kind  of  artificial  crifes.  Some  bo- 
dies, we  fee,  are  fo  conftituted,  that  tho’  the  peccant  humour,  wrought 
on  by  the  medicine,  ought,  as  the  phyfician  thinks,  to  be  expell’d  by  (tool, 
in  the  generality  of  thofe  who  take  rhubarb  or  fena  ; yet  the  peculiar  dif- 
pofition of  the  patient’s  ftomach  will  make  that  an  emetic,  which  was  in- 
tended for  a cathartic.  Nor  does  this  conftitution  of  the  ftomach  equally 
regard  all  purging  medicines  : for  the  fame  ftomach  that  will  rejeCt  them 
in  the  form  of  a potion,  will  quietly  retain  them,  in  that  of  pills.  Thus 
mercury,  which  tho’,  when  duly  prepared,  is  ufually  given  to  procure 
falivation,  efpecially  to  fucculent  bodies  ; yet  there  are  fome  patients, 
wherein,  inftead  of  falivating,  ’twill  work  violently  downwards,  like  a 
purge,  or  make  fome  other  unexpected  evacuation.  And  I have  feen  a 
patient,  who,  tho’  young  and  very  fat,  could  not  be  brought  to  falivare, 
either  by  the  gentler  ways;  by  turbith-mineral,  or  other  harfher  medi- 
cines, tho’  adminiftred  by  very  skilful  phyficians  and  chirurgeons. 

And  this  peculiarity  may  be  as  well  contracted,  as  native:  for  fome 
perfons,  efpecially  after  forfeits,  having  been  ruffty  dealt  with,  or,  at  leaft, 
tired  out  with  a medicine  of  this  or  that  kind  of  form,  will  afterwards 
naufeate  and  vomit  up  the  like,  tho’  in  other  bodies  it  be  very  far  from 
emetic. 

We  fee,  alfo,  that  fometimes  fudorific  medicines,  inftead  of  procuring 
fweat,  prove  briskly  diuretic,  and  fometimes  either  purging  or  vomitive. 

From  all  this  we  may  argue,  that  the  qualities  of  the  irritating  matter, 
and  much  more  the  particular  difpofition  of  the  patient’s  body,  may  pro- 
cure evacuations  at  unexpected  places. 

There  are  alfo  inftances  of  periodical  and  critical  evacuations,  at  very  in- 
convenient, and  unufual  vents.  Thus  fome  women  are  recorded  to  have 
had  their  menfes,  fometimes  at  the  eyes,  fometimes  at  the  navel,  fometimes 
at  the  mouth,  Csfc.  of  which  there  feems  no  caufe  fo  probable,  as  fome  pe- 
culiar ftruCture,  whether  native  or  adventitious,  of  the  internal  parts  con- 
cern’d in  that  difcharge:  and  of  fuch  unufual  ftruCtures,  anatomifts  muft 
have  feen  many,  fince  I myfelf  have  obferv’d  more  than  one  or  two.  Now 
if  thefe  uncommon  ways  of  difpofing  of  the  morbific  matter,  were  always 
falutary  to  the  patient,  the  argument  grounded  on  them  would  have  more 
weight:  but  tho*  moft  men  take  notice  of  this  fort  of  crifes,  only  when 
they  are  lucky,  yet  an  impartial  obferver  fhall  often  find,  that  ill  condi- 
tion’d and  hurtful  ones,  may  be  made  by  unufual  and  unexpected  ways. 
And,  in  fome  tranflations  of  the  morbific  matter  to  diftant  and  nobler 
parts,  perhaps  it  will  be  as  difficult  to  fhew,  by  what  channels  or  known 
ways  the  matter  pafs’d  from  one  to  another,  as  ’tis  to  determine,  how  it 
was  conducted  to  the  parts  that  moft  happily  vented  ic. 
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*Tis  my  fettled  opinion,  that  divine  prudence  is,  at  lead,  often  con- Physics. 
cern’d,  in  a peculiar  manner,  about  the  aCtions  of  men,  and  the  things 
that  happen  to  them,  or  has  a neceflary  connexion  with  the  one,  the  other, 
or  both.  And  tho’  I think  it  probable,  that  in  the  conduCt  of  that  far 
greateft  part  of  the  univerfe,  which  is  merely  corporeal,  the  wife  author 
of  it  feldom  manifeftly  procures  a recefs  from  the  fettled  courfe  of  the  uni- 
verfe, and  efpecially  from  the  moft  general  laws  of  motion  ; yet,  where 
men,  who  are  creatures,  that  he  is  pleas’d  to  endow  with  free-will  (at  lead 
with  regard  to  things  not  fpiritual)  are  nearly  and  highly  concern’d  ; he 
may,  not  only  fometimes  by  thofe  fignal  and  manifeft  interpositions  we  call 
miracles,  aCted  in  a fupernatural  way  *,  but,  as  the  fovereign  lord  and  go- 
vernor of  the  world,  frequently  give,  by  the  intervention  of  rational  minds, 
as  well  united,  as  not  united  to  human  bodies,  feveral  fuch  determinations 
to  the  motion  of  parts  in  thofe  bodies,  and  of  others,  which  may  be  af- 
feCted  by  them,  as  by  laws  merely  mechanical,  thofe  parts  of  matter  would 
not  have  had : and  by  motions  fo  determin’d,  either  falutary  or  fatal  crifes, 
and  many  other  things,  conducive  toThe  welfare  or  detriment  of  men, 
may  be  produced. 

The  interpofition  of  divine  providence,  in  cafes  of  life  and  death,  might 
be  eafily  ffiewn  to  chriftians,  from  feveral  palfages  of  fcripture.  And,  I 
think,  it  becomes  a chriftian  philofopher,  to  admit  in  general,  that  God 
fometimes  in  a peculiar,  tho’  fecret  way,  interpofes  in  the  ordinary  phe- 
nomena and  events  of  crifes  ; but  that  this  is  done  fo  feldom,  at  leaft  in  a 
way  that  we  can  certainly  difcern,  that  we  are  not  haftily  to  have  recourfe 
to  an  extraordinary  providence,  and  much  lefs  to  the  ftrange  care  and  skill 
of  that  queftion’d  Being  call’d  nature,  in  a particular  cafe,  if  it  may  be 
probably  accounted  for  by  mechanical  laws,  and  the  ordinary  courfe  of 
things. 

When  we  confider  the  world,  and  the  phyfical  changes  that  happen  in 
it,  with  regard  to  the  divine  wifdom  and  providence;  the  arguments  for 
the  affirmative  ought,  in  their  kind,  to  have  more  force  than  thofe  for  the 
negative.  For  it  feems  more  allowable,  to  argue  a providence  from  the  ex- 
quifite  ftruCture  and  fymmetry  of  the  mundane  bodies,  and  the  apt  fubor- 
dination  and  train  of  caufes,  than  to  infer  from  fome  phyfical  irregulari- 
ties, that  things  are  not  fram’d  and  adminiftred  by  a wife  author  and  go- 
vernor. For  the  characters  and  imprelfions  of  wifdom,  confpicuous  in 
the  curious  fabric,  and  orderly  train  of  things,  can,  with  no  probability, 
be  referr’d  to  blind  chance,  but  to  a mofl  intelligent  and  defigning  agent. 
Whereas,  on  the  other  hand,  the  irregularities  we  fpeak  of,  are  incompa- 
rably fewer  than  thofe  things  which  are  regular,  and  produc’d  in  an  or- 
derly way  ; and  the  divine  maker  of  the  univerfe  being  a moft  free  agent, 
and  having  an  intellect  infinitely  fuperior  to  ours,  may,  in  the  production 
of  feemingly  irregular  phenomena,  have  ends  unknown  to  us,  which  even 
thefe  irregularities  may  be  very  fit  to  compafs. 
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SECT.  III. 

Axioms  about  *"1^  O proceed,  the  moft  general  and  current  axioms  concerning  nature, 
nature , how  employ’d  in  the  writings  of  philofophers,  may  have  a fair  account 

^wbatfenkto  &*ven  t^em»  agreeably  to  the  do&rine  hitherto  propos’d  ; tho’  fome  of 
be  admitted,  thefe  axioms  fuppofe,  and  others  feem  ftrongly  to  fupport  the  receiv’d  no- 
tion of  nature. 

But  before  I confider  the  particular  maxims  receiv’d  concerning  nature’s 
actions,  let  us  fee  in  what  fenfe  nature  may,  or  may  not,  be  faid  to  a<5t  at 
all,  or  to  do  this  or  that. 

For  ought  I can  clearly  difcern,  whatfoever  is  perform’d  in  the  merely 
material  world,  is  really  done  by  particular  bodies,  afting  according  to 
the  laws  of  motion,  &c.  fettled  and  maintain’d  by  God,  among  things  cor- 
poreal. In  which  hypothefis,  nature  feems  rather  a notional  thing,  than  a 
true  phyfical,  diftinft  efficient;  fuch  as  would  be,  in  cafe  Ariftotle' s do- 
6lrine  were  true,  one  of  thofe  intelligences  he  prefum’d  to  be  the  movers 
of  the  celeftial  orbs.  But  men  often  exprefs  themfelves  fo  very  ambigu- 
oufly,  or  intricately,  when  they  fay,  that  nature  does  this,  or  adts  thus, 
that ’tisfcarce  poffible  intelligibly  to  tranflate  their  expreffions  into  any 
forms  of  fpeech,  adequate  to  the  originals. 

i.  Inthis  axiom,  every  nature  preferves  itfelf ; by  the  word  nature,  I 
fuppofe,  is  underftood  a natural  body,  otherwife  I know  not  what  it 
means.  Thus,  then,  it  may  either  fignify,  that  no  one  body  tends  to  its 
own  deftrudtion,  or  that,  in  every  body,  there  is  a principle  call’d  nature, 
upon  account  whereof  the  body  is  vigilant  and  induftrious  to  preferve  its 
Bate,  and  to  defend  itfelf  from  the  violence  and  attempts  of  all  other  bo- 
dies that  oppofe,  or  endeavour  todeftroy  or  harm  it. 

In  the  former  fenfe,  the  axiom  may  be  admitted,  without  any  preju- 
dice to  our  dodtrine  : according  to  which,  inanimate  bodies  can  have  nei- 
ther appetites,  hatreds,  nor  defigns  ; fo  that  we  may  eafily  grant,  they 
have  none  to  deftroy  themfelves. 

But,  according  to  the  other  fenfe  of  the  axiom,  ’twill  import,  that  every 
body  has  within  itfelf  a principle,  whereby  it  defires,  and  with  all  its 
power  endeavours  to  compafs  its  own  prefervation  ; and  both  to  do  thofe 
things,  that  tend  thereto,  and  oppofe  all  endeavours,  that  outward  agents, 
or  internal  diftempers,  may  ufe  to  compafs  the  deftrudtion  of  it. 

And,  as  this  is  the  moft  vulgar  fenfe  of  the  axiom,  fo  *tis  chiefly  in 
this,  that  I am  concern’d  to  examine  it. 

I conceive,  then,  that  the  moft  wife  creator  of  things  at  firft  fo  framed  the 
world,  and  fettled  fuch  laws  of  motion  between  the  bodies,  which,  as 
parts,  compofe  it ; that  by  the  affiftance  of  his  general  concourfe,  the 
portions  of  the  univerfe,  are  lodg’d  in  fuch  places,  and  furniffi’d  with  fuch 
powers,  that,  by  the  help  of  his  general  providence,  they  may  have  their 
beings  continued  and  maintained,  as  long  as  the  courfe  he  thought  fit  to 
eftablifh  amongft  things  corporeal,  requires. 

Upon 
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Upon  this  fuppofuion,  which  is  but  reafonable,  there  will  appear  no  Physics. 
neceftity  to  have  any  recourfe,  for  the  prefervation  of  particular  bodies,  ' 

to  fuch  an  internal  appetite  and  in-bred  knowledge  in  each  of  them,  as 
the  naturifts  prefume  : fince,  by  virtue  of  the  original  frame  of  things, 
and  eftablifhed  laws  of  motion,  bodies  are  necefiarily  determined  to  aCt  on 
fuch  occafions,  after  the  manner  they  would,  if  they  had  really  an  aim  at 
felf-prefervation. 

Thus,  ’ tis  all  one  to  a lump  of  dough,  whether  you  make  it  into  a round 
loaf,  a long  roll,  or  a flat  cake:  for  in  whatever  figure  the  hands  leave  it, 
that  it  retains  without  having  any  appetite  to  return  to  the  former.  The 
mariner’s  needle,  before  it  is  excited,  may  have  no  particular  propenfity 
to  one  part  of  the  heavens  more  than  another  i but  when  it  has  been  duly 
touch’d  upon  a load- ftone,  the  flower-de-luce  will  be  determin’d  to  the 
north,  and  the  oppofite  extreme  to  the  fouth.  So  that,  if  the  lily  be 
drawn  afide,  towards  the  eaft  or  the  weft,  as  foon  as  the  force  that  de- 
tain’d it,  is  remov’d,  it  will  return  to  its  former  pofltion,  and  never  reft, 
till  it  regard  the  north.  But,  in  fpite  of  this  feeming  affedlion  of  the  lily 
to  that  point  of  the  horizon,  yet,  if  the  needle  be  duly  touch’d  upon  the 
contrary  pole  of  a vigorous  load-ftone,  the  lily  will  prefently  lofe  its  former 
inclination,  and  regard  the  fouth  part  of  the  heavens. 

2.  Another  received  axiom  concerning  nature,  is,  that  fhe  never  fails  of 
her  end.  This  propofition  is  very  ambiguous.  However,  if  by  nature 
we  here  underftand  the  Being,  that  the  fchool-men  ftyle  Natura  naturans  \ 

I allow  that  nature  never  mifleth  its  end.  For  the  omnifcient  and  almighty 
author  of  things  having  once  framed  the  world,  and  eftablifh’d  in  it  the 
laws  of  motion,  which  he  conftantly  maintains,  there  can  no  irregularity 
happen,  efpecially  among  the  greater  mundane  bodies,  that  he  did  not 
from  the  beginning  forefee  and  permit.  And  tho’,  on  fomefpecial  occa- 
fions, this  inftituted  order,  either  feemingly  or  really,  has  been  violated  s 
yet  thefe  things  happening  but  rarely,  and  for  weighty  ends  and  purpofes, 
by  the  peculiar  intervention  of  the  firft  caufe,  either  guiding  or  over-ruling 
the  propenfities  and  motions  of  fecondary  agents  *,  it  cannot  be  faid,  that 
God  is  fruftrated  of  his  ends  by  thefe  exorbitances,  whereby  he  moft 
wifely  and  effectually  accomplilhes  them.  But,  if  by  nature  be  meant  fuch 
a fubordinate  principle,  as  men  ufually  underftand  by  that  name,  I doubt 
the  axiom  is  in  many  cafes  falfe  : for  tho’  the  material  world  is  fo  conftitu- 
ted,  that,  for  the  moft  part,  things  are  brought  to  pafs  by  corporeal 
agents,  as  regularly,  as  if  they  defigned  the  effeCts  they  produce  ; yet 
there  are  feveral  inftances  wherein  things  happen  quite  otherwife. 

Thus  when  a woman  is  pregnant,  the  aim  of  nature  is,  to  produce  a 
perfect  human  foetus  ; yet  we  often  fee,  nature  widely  miffing  her  mark, 
inftead  of  that,  produces  a monfter.  Thus  thefap,  that  nature  raifes  with 
intent  to  feed  the  fruit  of  a white- thorn,  for  inftance,  is  by  grafting 
brought  to  nourilh  a fruit  of  quite  another  kind.  So,  when  the  malfter 
makes  barly  to  fprout,  whence  nature  intends  to  produce  ftalksand  ears, 

’tis  perverted  to  a very  different  purpofe, 

3.  Another 
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3-  Another  celebrated  axiom  concerning  nature,  is,  that  (he  always  afts 
by  the  lhorteft  ways.  But  this  rule,  as  well  as  feveral  others,  requires  to 
be  explained  and  limited,  before  it  be  admitted.  ’Tis  true,  the  omnifcient 
author  of  the  univerfe  has  fo  framed  it,  that  mod  of  its  parts  aft  as  regu- 
larly in  order  to  the  ends  propofed,  as  if  they  did  it  with  delign.  But  fince 
inanimate  bodies  have  no  knowledge,  it  cannot  reafonably  be  fuppofed, 
that  they  moderate  and  vary  their  own  aftions,  according  to  the  exigency 
of  particular  circumftances,  wherewith  they  muft  of  neceflity  be  unac- 
quainted ; it  were  therefore  flrange,  if  various  occurrences  did  not  deter- 
mine them  to  aft  by  other  than  the  lhorteft  ways,  that  lead  to  particular 
ends,  if  thofe  other  ways  be  more  agreeable  to  the  general  laws  or  cuftoms 
eftablilhed  among  things  corporeal.  This  I prove  by  inftances  taken  from 
gravity  itfelf,  a quality  perhaps  very  probably  referr’d  to  an  innate  power 
and  propenfion.  For  if  a heavy  body  be  let  fall  into  the  free  air,  ’twill 
take  its  courfe  direftly  towards  the  centre  of  the  earth  ; and,  if  it  meec 
with  an  inclining  plane,  which  puts  it  out  of  its  way,  it  will  not  lofe  its 
tendency  towards  the  centre,  but  run  along  that  plane,  by  which  means  its 
tendency  downwards  is  prolecuted,  tho  not,  as  before,  in  a perpendicular 
line,  yet  in  the  (horteft  way  it  is  permitted  to  take.  Thefe  obvious  phe- 
nomena, I confefs,  agree  very  well  with  the  vulgar  axiom,  and  poflibly 
were  the  chief  things  that  induced  men  to  frame  it.  But  now  let  us  fup- 
pofe,  that  a little  fphere  of  marble  or  Heel,  after  having  long  fallen  thro’ 
the  air,  lights  upon  a pavement  of  hard  (lone,  that  lies  horizontal ; in  this 
cafe,  experience  (hews,  that  the  falling  globe  will  rebound  to  a confiderable 
height,  and  falling  down  again,  rebound  again,  and  fo  for  feveral  times 
fucceffively,  before  it  approaches  as  near  as  is  permitted  it,  to  the  centre 
of  heavy  bodies.  But  ifnature  afted  in  all  cafes  by  the  lhorteft  ways,  this 
fphere  ought  not  to  rebound  at  all.  And  having  taken  a good  fea  compafs, 
and  fuffer’d  the  magnetic  needle  to  reft  north  and  fouth  -,  if  1 held  the 
proper  pole  of  a good  load-ftone  at  a convenient  diftance,  on  the  rio-ht  or 
left  hand  of  the  lily,  this  would  be  drawn  afide  from  the  north  point  to- 
wards the  eaft  or  weft,  as  I pleafed  ; and  then  the  load-ftone  bein^  quite 
remov’d,  the  lily  of  the  needle  would  indeed  return  northward , tho’ 
not  flop  in  the  magnetic  meridian,  but  pafling  on  feveral  degrees  beyond 
it,  ’twould  thence  return  without  flopping  at  the  meridian  line  ; and 
fo,  by  its  vibrations,  defcribe  many  arches  ftill  fhorter  and  fhorter 
till  at  length  it  came  to  fettle  on  it,  and  recover  that  pofition,  which,  if 
nature  always  afted  by  the  moft  compendious  ways,  it  fhould  have  relied 
at  the  firft  time  it  had  regain’d  it.  The  truth  is,  that,  at  lead,  inanimate 
bodies,  acting  without  knowledge  or  delign  of  their  own,  cannot  Hop  or 
moderate  their  own  aftions,  but  muft  neceflarily  move  as  they  are  deter- 
mined by  the  general  laws  of  motion  ; according  to  which,  in  one  cafe,  the 
impetus,  that  a body  acquires  by  falling,  is  more  powerful  to  carry  it 
on  beyond  the  line  of  direftion,  than  the  aftion  of  the  caufes  of  gravity  is 
to  flop  it,  as  foon  as  it  comes  to  the  neareft  place  they  can  give  it  to  the 
centre  of  the  earth.  And  fomething  like  this  happens  in  levity,  as  well  as 

1 gravity ; 
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gravity  ; for  if  you  take  an  oblong  and  conveniently  fhaped  piece  of  light  Physics. 
wood,  and  having  funk  it  to  the  bottom  of  deep  ftagnant  water,  give  it 
liberty  to  afcend,  it  will  not  only  regain  the  furface  of  the  water,  where, 
by  the  laws  of  gravity,  it  ought  to  reft,  and  did  reft  before  it  was  forc’d 
down  ; but  rife  far  beyond  that  furface,  and  in  part,  as  it  were,  (hoot  it- 
felf  up  into  the  incumbent  air,  then  fall  down  again,  and  rife  a fecond 
time,  and  perhaps  much  oftner,  and  fall  again,  before  it  fettles  in  its  due 
place,  wherein  it  is  in  an  equilibrium  with  the  water,  that  endeavours  to 
prefs  it  upwards. 

4.  Another  maxim,  generally  receiv’d  concerning  nature,  is,  that  fhe  al- 
ways does  what  is  beft.  But  of  this  it  will  not  be  fafe  to  deliver  an  opi- 
nion, till  I have  remov’d  the  ambiguity  of  the  words  ; for  they  eafily  ad- 
mit of  two  different  fenfes.  They  may  fignify,  that  nature,  in  the  whole 
univerfe,  does  always  that  which  is  beft  for  the  prefervation  of  it  in  its 
prefent  ftate  ; or  that,  with  regard  to  each  body  in  particular,  nature  ftili 
does  what  moft  conduces  to  the  prefervation  and  welfare  of  that  body.  In 
the  firft  of  thefe  fenfes,  the  axiom  will  be  lefs  liable  to  exception  ; but 
then,  I fear,  it  will  be  difficult  to  be  pofitively  made  out  by  fuch  inftances 
as  prove  that  nature  a£ts  otherwife  than  neceffarily  according  to  mechanical 
laws.  And  therefore  till  I meet  with  fuch  proofs,  I ffiall  proceed  to  the 
other  fenfe,  which,  tho’  the  moft  ufual,  1 cannot  admit,  without  it  be 
both  explain’d  and  limited.  I readily  grant,  as  I have  often  occafion  to 
repeat,  that  the  all-wife  author  of  things  corporeal  has  fo  framed  the 
world,  that  moft  things  happen  in  it  as  if  the  particular  bodies  that  com- 
pofe  it  were  watchful  both  for  their  own  welfare  and  that  of  the  univerfe. 

But  I think,  withal,  that  particular  bodies,  at  leaft  fuch  as  are  inanimate, 
adling  without  either  knowledge  or  defign,  their  a&ions  tend  not  to  what 
is  beft  for  them  in  their  private  capacities,  any  further  than  fuits  with  the 
general  laws  of  motion,  and  the  important  cuftoms  eftabliffi’d  among 
things  corporeal : fo  that,  in  conformity  hereto,  feveral  things  are  done, 
that  are  neither  the  beft,  nor  fo  much  as  good,  with  regard  to  the  welfare 
of  particular  bodies. 

We  often  fee,  that  fruit-trees,  efpecially  when  they  grow  old,  will,  for 
one  feafon,  be  fo  overcharg’d  with  fruit,  that  they  decay  and  die  foon  af- 
ter ; and  even  whilft  they  flouriffi  the  exceffive  weight  upon  them  fome- 
times  breaks  off  the  branches,  and  thereby  both  hinders  the  maturity  of 
the  fruit,  and  haftens  the  death  of  the  tree.  Now  this  fatal  profufion 
would  have  been  prevented,  if  a wife  nature,  harbour’d  in  the  plant,  did, 
as  is  prefumed,  follicitoufly  watch  for  its  welfare. 

We  fee  alfo,  in  feveral  difeafes,  and  in  the  unfeafonable  and  hurtful 
crifes  of  fevers,  how  far  what  men  call  nature  often  is  from  doing  that 
which  is  beft  for  the  patient’s  prefervation.  In  many  difeafes,  a great 
part  of  the  phyfician’s  work  is  to  appeafe  the  fury,  and  to  correct  the  er- 
rors of  this  pretended  nature,  which  being,  as  ’twere,  tranfported  with 
a blind  and  impetuous  paffion.  unfeafonably  produces  thofe  dangerous 
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diforders  in  the  body,  that,  if  fhe  were  wife  and  watchful  of  its  welfare, 
die  would  have  been  as  careful  to  prevent,  as  the  phyfician  to  remedy. 

And  if  nature  be  fo  provident  and  watchful  for  the  good  of  men,  and 
other  animals,  and  of  that  part  of  the  world  wherein  they  live  ; how 
comes  fhe,  from  time  to  time,  to  deflroy  fuch  multitudes  of  men  and 
beads,  by  earth-quakes,  pedilences,  famine,  &c. 

5.  The  word  Vacuum  being  ambiguous,  and  ufed  in  differing  fenfes,  ’tis 
requifite,  before  I declare  my  opinion  about  the  receiv’d  axiom  of  the 
fchools,  that  nature  abhors  a Vacuum , to  premife  the  chief  acceptations,  in 
which  I have  obferv’d  the  term  Vacuum  to  be  ufed  •,  for  it  has  fometimes  a 
vulgar,  and  fometimes  a philofophical,  or  dried  fignification.  In  common 
fpeech,  to  be  empty,  ufually  denotes,  not  to  be  deditute  of  all  body 
whatfoever  *,  but  of  that  body  men  fuppofe  fhould  be  in  the  thing  fpoken 
of,  or  of  that  which  it  was  framed,  or  defign’d  to  contain.  Thus,  we  fay, 
a purfe  is  empty,  if  there  be  no  money  in  it  *,  or  a bladder  empty,  when 
the  air  is  fqueez’d  out,  &V.  The  word  Vacuum  is,  alfo,  taken  in  another 
fenfe,  by  philofophers  who  fpeak  dridtly,  when  they  mean  by  it  a fpace 
within  the  world,  wherein  there  is  not  contain’d  any  body  whatfoever. 

Now  the  chief,  if  not  the  only  reafon  that  moves  the  generality  of  phi- 
lofophers to  believe,  nature  abhors  a Vacuum , is,  that,  in  fome  cafes,  they 
obferve  an  unufual  endeavour,  and,  perhaps,  a forcible  motion  in  water, 
and  other  bodies,  to  oppofe  a Vacuum . But  I am  not  apt,  without  abfo- 
lute  neceflicy,  to  afcribe  to  inanimate,  and  fen felefs  bodies,  the  appetites 
and  hatreds  that  belong  to  rational  or  fenfitive  Beings  •,  and,  therefore, 
think  it  a fufficient  reafon  to  decline  employing  fuch  improper  caufes,  if, 
without  them,  the  motions,  afcribed  thereto,  can  be  accounted  for. 

If  the  Cartefian  notion  of  the  efience  of  a body,  confiding  in  three  di- 
menfions,  be  admitted,  it  can  fcarce  be  deny’d,  that  nature  does  not  pro- 
duce thefe  great,  and  irregular  efforts  to  hinder  a Vacuum  \ fince,  it  being 
impoffible  there  fhould  be  any,  ’twere  a fond  thing  to  fuppofe,  that  nature, 
who  is  reprefented  to  us  as  a mod  wife  agent,  fhould  take  pains,  and  do 
extravagant  things,  to  prevent  an  impodible  mifchief. 

If  the  atomical  hypothefis  be  admitted,  it  mud  be  granted,  that  nature 
is  fo  far  from  abhorring  a Vacuum , that  a great  part  of  the  things  fhe  does 
require  it,  fince  they  are  brought  to  pafs  by  local  motion  i and  there  are 
very  many  cafes,  wherein,  according  to  thefe  philofophers,  the  neceffary 
motions  of  bodies  cannot  be  perform’d,  unlefs  the  corpufcles,  that  lie  in 
their  way,  have  little  empty  fpaces  to  retire,  or  be  imped’d  into  ; when 
the  body,  that  impels  them,  endeavours  to  difplace  them.  Whence  the 
axiom,  that  nature  abhors  a Vacuum , agrees  with  neither  of  the  two  great 
feeds  of  the  modern  philofophers. 

But,  for  ought  appears  by  the  phenomena  employ’d  to  demondrate  na- 
ture’s abhorrence  of  a Vacuum ; either  nature  does  not  abhor  a Vacuum , 
even  when  fhe  feems  follicitous  to  hinder  it  \ or,  die  has  but  a very  mode- 
rate hatred  of  it,  in  that  fenfe  wherein  the  vulgar  philofophers  take  the 
word  Vacuum . 

For, 
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For,  in  almoft  all  vifible  bodies  here  below,  and  even  in  the  atmofphere  Physics. 
itfelf,  there  is  more  or  lefs  of  gravity,  or  tendency  towards  the  centre  of  iyw 
our  terraqueous  globe ; whence  nature  need  not  difquiet  herfelf,  and  aft 
irregularly  to  hinder  a Vacuum , fince,  without  her  abhorrence  of  it,  it 
may  be  prevented  or  replenifhed,  by  her  affefting  to  place  all  heavy  bodies 
as  near  the  centre  of  the  earth,  as  heavier  than  they  will  permit.  And 
even  without  any  defign  of  her’s  a vacuity  will  be  as  much  oppos’d,  as 
we  really  find  it,  by  the  gravity  of  mod,  if  not  of  all  bodies  here  below, 
and  the  fluxility  of  liquors.  For,  by  virtue  of  their  gravity,  and  the  mi- 
nutenefs  of  their  parts,  they  will  be  determin’d  to  infinuate  themfelves 
into,  and  fill  all  the  fpaces  that  they  find  not  already  poflefled  by  other 
bodies,  either  more  ponderous,  in  fpecie , than  themfelves,  or,  by  reafon 
of  their  firmnefs  of  ftrufture,  capable  of  refilling  or  hindering  their  de- 
fcent.  Accordingly,  we  obferve,  that,  where  there  is  no  danger  of  a 
Vacuum , bodies  may  move,  as  they  do,  when  they  are  faid  to  endeavour 
its  prevention.  Thus  if  you  would  thruft  your  hand  deep  into  a veflel  of 
fand,  and  afterwards  draw  it  out  again,  there  will  need  nothing  but  the 
gravity  of  the  fand  to  make  it  fill  up  the  greatefl  part  of  the  fpace  deferted 
by  the  hand  •,  and  if  the  veflel  be  replenifhed,  inflead  of  fand,  with  an 
aggregate  of  corpufcles  more  minute  and  fmooth  than  the  grains  of  that, 
as,  for  inftance,  with  quick-filver,  or  with  water  ; then  the  fpace  deferted 
by  the  hand  will  be,  to  lenfe,  compleatly  fill’d  by  the  corpufcles  of  the 
fluid.  And  if  you  take  a glafs  pipe,  whofe  cavity  is  too  narrow  to  let 
water  and  quick-filver  pafs  by  one  another  in  it,  and  having  lodg’d  a fmall 
cylinder  of  mercury,  of  about  half  an  inch  long,  in  the  lower  part,  you 
carefully  flop  the  upper  orifice  with  your  finger,  the  quick-filver  will  re- 
main fufpended  in  the  pipe;  and  if,  then,  you  thrufl  the  tube  direftly 
downwards,  into  a deep  glafs  of  water,  till  the  quick-filver  be  deprefled 
about  a foot  beneath  the  furface  of  the  water,  and  then  take  off  your  fin- 
ger from  the  orifice  of  the  pipe ; the  quick-filver  will  immediately  afcend 
lwiftly  for  five  or  fix  inches,  and  remain  fufpended  at  this  new  ftation. 

Here,  therefore,  we  have  a fudden  afcent  of  fo  heavy  a body  as  is  quick- 
filver.,  and  a fufpenfion  of  it  in  the  glafs,  not  produced  to  prevent  or  fill  a 
Vacuum , for  the  pipe  was  open  at  both  ends  ; the  phenomena  being  but  ge- 
nuine confequences  of  the  laws  of  the  equilibrium  of  liquors. 

Confidering  how  great  a power  the  fchool-philofophers  afcribe  to  na- 
ture, I am  the  lefs  inclined  to  think  her  abhorrence  of  a Vacuum  fo  great 
as  they  imagin’d.  I have  fhewn,  that  her  averfion  to,  and  watchfulnefs 
againfl  it,  are  not  fo  vehement,  but  that,  in  the  fenfe  of  the  Peripatetics , 
fhe  can  quietly  admit  it,  in  fome  cafes,  where,  with  a very  fmall  en- 
deavour, fhe  might  prevent  or  replenifn  it.  When  the  'Torricellian  expe- 
riment is  made,  tho’  it  cannot,  perhaps,  be  fully  prov’d,  either  againfl  the 
Cart  eft  ans , or  fome  other  Plenifis , that  in  the  upper  part  of  the  tube,  defert- 
ed by  the  quick-filver,  there  is  a Vacuum , in  the  drift  philofophical  fenfe 
of  the  word ; yet,  as  the  Peripatetics  declare  their  fenfe,  by  their  reafonings 
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Physics,  againfl  a Vacuum,  ’twill  appear  very  hard  for  them  to  fhew,  there  is 
not  one  in  that  tube.  And,  as  by  the  fcholaftic  way  of  arguin0*,  na* 
ture’s  hatred  of  a Vacuum , from  the  fufpenfion  of  water,  and  other  li- 
quors, in  tubes  and  conical  watering  pots,  it  appears,  they  thought  that 
any  fpace  here  below,  deferted  by  a vifible  body,  not  fucceeded  by  another 
vilible  body,  or  at  lead:  by  common  air,  may  be  reputed  empty  ; fo,  the 
fpace  deferted  by  the  quick.  Giver,  at  the  top  of  a barometer,  thirty- 
one  inches  long,  will  invite  one  to  doubt,  whether  a Vacuum  ought  to 
be  thought  fo  formidable  a thing  to  nature,  as  they  imagine  Ihe  thinks  it  ? 
For,  what  mifehief  would  enfue  to  the  univerfe,  upon  the  production  or 
continuance  of  fuch  a Vacuum , tho’  the  deferted  fpace  were  much  more 
than  an  inch,  and  continued  many  years,  as  has  feveral  times  happen’d  in 
the  taller  fort  of  mercurial  barometers  ? And  thofe  Peripatetics  who  tell 
us,  if  there  were  a Vacuum-)  the  influences  of  the  celeftial  bodies,  that  are 
abfolutely  neceflary  to  the  prefervation  of  the  fublunary  ones,  would  be  in- 
tercepted, fince  motion  cannot  be  made  invacuo , would  do  well  to  prove  fuch 
a neceflity  , and  to  confider,  that  in  our  cafe  the  top  of  the  quick-filver, 
to  which  the  Vacuum  reaches,  ufually  appears  protuberant  *,  which  fhews, 
that  the  beams  of  light  are  able  to  pafs  thro’  that  Vacuum , being,  in  fpite  of 
it,  reflected  from  the  Mercury  to  the  eye.  And  in  fuch  a Vacuum^  as  to  com- 
mon air,  I have  try  d,  that  a load-ftone  will  emit  its  effluvia,  and  move 
iron  or  (feel  placed  therein. 

In  fhort,  it  is  not  evident,  that,  here  below,  nature  fo  much  endeavours 
to hinder  or  fill  up  a Vacuum^  as  to  manifeft  an  abhorrence  of  it:  and, 
without  much  peculiar  folicitude,  a Vacuum,  at  leafta  philofophicat  one,  is 
as  much  provided  againlt,  as  the  welfare  of  the  univerfe  requires,  by  gra- 
vity and  the  fluxility  of  the  liquors,  and  other  bodies. 

6.  I come  now  to  the  celebrated  faying,  that  nature  cures  difeafes,taken 
from  Hippocrates , who  exprefles  it  in  the  plural,  iHW.  And 

becaufe  this  axiom  i9  generally  receiv’d  among  phyficiansand  philofophers, 
and  feems  to  be  one  of  the  principal  things,  that  has  made  them  introduce 
fuch  a Being  as  they  call  nature  •,  I fhall  attentively  confider,  in  what 
fenfe,  and  how  far,  this  famous  axiom  may,  or  fhould  not,  be  admit- 
ted. 

Fiifl,  then,  I conceive  it  may  be  taken  in  a negative  fenfe,  fo  as  to  im- 
that  difeafes  cannot  be  cured  in  fuch  perfons,  in  whom  the  aggregate 
of  the  vital  powers,  or  faculties  of  the  body,  is  fo  far  weaken’d  or  depra- 
ved,  as  to  be  utterly  unable  to  perform  the  fundfions  neceflary  to  life  •,  or 
at  Jeafc  to  actuate  and  aflift  the  remedies  employ’d  by  thephyfician,  to  pre- 
ferve  or  recover  the  patient.  r 

This  I take  to  be  the  meaning  of  fuch  ufual  phrafes  as  thefe,  Phi  fie  comes 
too  late.  Nature  is  quite /pent,  &c.  And  in  this  fenfe  I readily  acknowledge 
tne  axiom  to  be  true.  For,  where  the  engine  has  fome  neceflary  parts, 
whether  fluid  orfolid,  fo  far  deprav’d  or  weakned,  as  to  render  italtoge- 
tner  unable  to  co-operate  with  the  medicine,  it  cannot  be  rationally  expeft- 
ed,  that  the  admimftration  of  that  medicine,  fhould  prove  effeftual.  But 
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thereis  a pofitive  fenfe  of  our  axiom,  wherein  it  is  the  moft  ufually  em-  Physics. 
ploy’d  ; for  men  commonly  believe  there  refides  in  the  body  of  a Tick  per-  \yYV 
fon,  a certain  provident  or  watchful  Being,  that  induftrioufly  employ  s itfelf, 
by  its  own  endeavours,  as  well  as  by  any  occafional  afliftanc;e,  to  rectify 
whatever  is  amifs,  and  reftore  the  diftemper’d  body  to  its  priftine  ftate  of 
health. 

Now,  I conceive  that  the  wife  and  beneficent  maker  of  the  world,  in- 
tending that  men  fhould,  for  the  moil  part,  live  a confiderable  number  of 
years,  in  a condition  to  aft  the  parts  aflign’d  them  ; he  was  pleas’d  to 
frame  human  bodies  fo,  that,  with  the  ordinary  fuccours  of  reafon,  &c. 
they  may  in  many  cafes  recover  a ftate  of  health,  if  they  chance  to  be  put 
out  of  it  by  lefs  accidents  than  thofe,  that  God,  in  compliance  with  the 
great  ends  of  his  general  providence,  did  not  think  fit  to  fecure  them  from, 
or  enable  them  to  furmount.  Many  things,  therefore,  that  are  commonly 
afcrib’d  to  nature,  may  be  better  afcribed  to  the  mechanifmoftheuniverfe, 
and  the  human  body. 

The  caufes  that  diforder  the  human  frame,  are  often  tranfient,  but  the 
ftrufture  of  the  body  itfelf,  and  the  caufes  that  conduce  to  the  prefervation 
of  its  ftrufture,  are  more  ftable  and  durable;  and,  on  that  account,  may 
enable  the  engine  to  out-laft  many  things  that  are  unfriendly  to  it,  as  (light 
hurts,  anddifeafes. 

Several  phenomena  of  difeafes  may  be  illuftrated,  by  fuppofing  dirt 
thrown  into  a vial  of  fair  water,  and  then  the  vial  to  be  well  ftiaken  ; 
whereby  the  water  will  lofe  its  tranfparency,  upon  a double  account ; that 
of  the  dirt,  whofe  opake  particles  are  confounded  with  it;  and  that  of  the. 
bubbles,  which  fwim  at  the  top  of  it:  yet  to  purify  this  water,  and  make 
it  recover  its  former  tranfparency,  there  needs  no  particular  care  or  defign 
of  nature  ; but,  according  to  the  common  courfe  of  things,  after  fome  time 
the  bubbles  will  break  and  vanifh  at  the  top,  and  the  earthy  particles,  that 
compofe  the  mud,  will,  by  their  gravity,  fubfide  to  the  bottom,  and  fettle 
there,  whence  the  water  becomes  clear  again. 

There  i9  indeed  one  thing,  to  which  the  maxim,  Nature  cures  difeafes, 
may  be  very  fpecioufly  applied  ; and  that  is  the  healing  wounds  ; which, 
if  but  in  the  flefh,  may  often  be  cured  without  medicines.  However,  this 
healing  feems  to  be  only  an  effect  or  confequent  of  that  fabric  of  the  body, 
on  which  nutrition  depends.  For  the  alimental  juice  being,  by  the  circu- 
lation of  the  blood  and  chyle,  carried  to  all  parts  of  the  body ; if  it  meets 
any  where,  either  with  preternatural  concretions,  or  with  a gap  made  by 
a cut  or  wound,  its  particles  there  concrete  into  a kind  of  flefh,  or  other 
body,  which  that  juice,  in  the  place  and  other  circumftances  ’tis  in,  is 
fitted  to  conftitute.  Thus  not  only  wens  and  fcrophulous  tumors  are  nou- 
rifh’d  in  the  body,  but  mif-fhapen  mola’s  grow  in  the  womb,  as  well  as 
embryo’s.  And  we  fee,  in  wounds,  that  fungus’s  are  as  well  produced 
and  nourifh’d  by  the  aliment  brought  to  the  wounded  part,  as  the  true 
and  genuine  flefh  ; fo  that  either  nature  feems  much  miftaken,  if  fhe  de- 
flgns  theproduftion  and  maintenance  of  fuch  fuperfluousand  inconvenient 
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bodies;  or  the  chirurgeon  is  much  to  blame,  who  induftrioufly  deftroys 
them.  But,  for  ought  appears,  nature  is  not  fo  ftiy  and  referv’d  in  her 
bounty,  but  that  fhe  fends  nourifhment,  to  repair  as  well  things  that  do 
not  genuinely  belong  to  the  body,  as  to  reftore  flefh  to  wounded  parts. 
This  appears  by  warts  and  corns,  that  grow  again  after  they  are  cut.  And 
I have  feen  a woman,  in  whofe  forehead  nature  was  careful  to  nourifh  a 
horn,  above  an  inch  in  length  ; which  I fully  examin’d,  whilft  it  was  yet 
growing  upon  her  head,  to  avoid  being  impofed  upon. 

But  there  are  many  difeafes,  as  well  acute  as  chronical,  wherein,  ’tis 
confefs’d,  that  nature  alone  does  not  work  the  cure  ; fo  that  the  aphorifm, 
which  makes  nature  the  curer  of  thefe,  is  not  true,  but  in  a limited  fenfe. 
’Tis,  indeed,  pretended,  that  even  here  nature  is  the  principal  agent,  by 
whofe  direction  the  phyfician  adts  in  fubfervience  to  her  defigns ; and  phy- 
ficians  themfelves  acknowledge,  that  they  are  but  nature’s  minifters.  Let 
us,  therefore,  fee  in  what  fenfe  it  is  fit,  according  to  our  dodtrine,  to  ad- 
mit thefe  aflertions. 

One  great  caufe  of  the  common  miftakes  about  this  matter,  is,  that  the 
body  of  a man  hath  been  look’d  upon  rather  as  a fyftem  of  parts,  whereof 
moil  are  grofs  and  confident,  and  not  a few  hard  and  folid  too,  than  as, 
what  indeed  it  is,  a very  compounded  engine  ; that,  befides  thefe  parts, 
confiftof  the  blood,  chyle,  gall,  and  other  liquors ; and  of  more  fubtile 
fluids,  as  fpirits  and  air : all  which  are  inceffantly  and  varioufly  moved, 
and  thereby  put  feveral  of  the  folid  parts  into  frequent  and  differing  mo- 
tions. When,  therefore,  the  conftitution,  or  the  motions,  that  in  a found 
body  regularly  belong  to  the  fluids,  happen,  the  former  to  be  deprav’d, 
or  the  latter  to  grow  irregular  ; the  engine  is  immediately  out  of  order, 
tho’  the  grofs  folid  parts  were  not  primarily  affe&ed : fo,  when  by  proper 
remedies  the  vitiated  texture  of  the  blood,  or  other  juices,  is  corre&ed, 
and  the  inordinate  motions  of  them  and  the  fpirits  are  calm’d  and  redlify’d, 
the  grofler  and  more  folid  parts  of  the  body,  and  fo  the  whole  animal  oeco- 
nomy,  will  be  reftored  to  a more  convenient  ftate. 

The  phyfician,  in  my  opinion,  is  to  look  upon  his  patient’s  body  as  an 
engine  out  of  order,  yet  fo  conftituted,  that  by  concurring  with  the  en- 
deavours or  tendencies  of  the  parts  of  the  machine,  it  may  be  brought  to 
a better  ftate.  If,  therefore,  he  find,  that,  in  the  prefent  difpofition  of 
the  body,  there  is  a propenfity  to  throw  off  the  matter  that  offends  it,  in 
a convenient  way,  and  at  commodious  places  ; he  will  then  adl  fo  as  to 
comply  with  and  further  that  way  of  difcharge,  rather  than  another.  As 
if  there  be  a great  appearance  that  a difeafe  will  quickly  have  a crifis  by 
fweat,  he  will  rather  further  it  by  covering  the  patient  with  warm 
clothes,  and  giving  fudorific  medicines;  than,  by  endeavouring  to 
carry  off  the  peccant  matter  by  purging  or  vomiting,  unfeafonably  hinder 
a difcharge,  that  probably  will  be  beneficial.  And  in  this  fenfe  men  may 
lay,  if  they  pleafe,  that  the  phyficians  are  minifters  or  fervants  of  nature, 
as  fea-men,  when  the  fhip  fails  before  a good  wind,  will  not  fhift  their 
feils,  nor  alter  the  lhip’s  motion,  becaufe  they  need  not.  But  to  fhew, 
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that  5 tis,  as  ’twere,  by  accident,  that  the  phyfician,  in  this  cafe,  obeysPHYsics. 

nature,  (to  fpeak  in  the  language  of  the  naturifts ;)  there  are  many  other  L/TV 

cafes,  wherein  the  phyfician,  if  skilful,  will  be  fo  far  from  taking  nature 

for  his  guide,  to  diredt  him  by  her  example  ; that  a great  part  of  his  care 

and  skill  is  employ’d,  to  hinder  her  from  doing  what  fhe  feems  to  defign  *, 

and  to  bring  to  pafs  other  things  very  differing  from,  if  not  contrary  to, 

what  flie  endeavours. 

Thus,  tho’  nature,  as  ’tis  call’d,  importunately  craves  for  drink  in  drop- 
fies,  the  phyfician  thinks  himfelf  obliged  to  deny  it ; as  he  does  what  his 
patients  greedily  defire  in  the  Pica , &c.  Thus  alfo  the  chirurgeon  often 
hinders  nature  from  clofing  up  the  lips  of  a wound,  as  fhe  would  unskil- 
fully do,  before  it  be  well  and  fecurely  heal’d  at  the  bottom.  So  the  phy- 
fician, by  purging  or  phlebotomy,  carries  off  the  matter,  that  nature 
would  more  dangeroufly  throw  upon  the  lungs. 

In  fhort,  I look  upon  a good  phyfician,  not  properly  as  a fervant  to 
nature,  but  a counfellor  and  a friendly  affiftant ; who,  in  his  patient’s  bo- 
dy, furthers  thefe  motions,  and  other  things,  that  he  judges  conducive  to 
the  welfare  and  recovery  of  it : but  as  to  thofe,  that  he  perceives  likely  to 
be  hurtful,  either  by  increafing  the  difeafe,  or  otherwise  endangering  the 
patient,  he  thinks  it  his  part  to  oppofe  or  hinder,  tho’  nature  manifeftly 
feems  to  endeavour  to  exercife  or  carry  on  thofe  hurtful  motions. 

Hence,  I fear,  the  commendations  which  Hippocrates  gives  of  nature,  in 
the  cure  of  difeafes,  make  many  phyficians  lefs  courageous  and  careful 
than  they  fhould  be,  to  employ  their  own  skill,  on  feveral  occafions  that 
greatly  require  it. 

As,  in  fome  cafes,  the  phyfician  relieves  his  patient  in  a negative  way,  by 
oppofing  nature  in  her  unfeafonable  or  diforderly  attempts ; fo,  in  others, 
he  may  do  it  in  a pofitive  one,  by  employing  medicines  that  either  ftreng- 
then  the  parts,  or  make  fenfible  evacuations  of  matter,  necefifary  to  be  pro- 
fcribed  by  them  ; or,  by  ufing  remedies,  that  by  their  manifeft  qualities 
oppofe  thofe  of  the  morbific  caufe.  And,  perhaps,  in  fome  cafes,  the 
phyfician  may,  in  a pofitive  way,  contribute  more  to  the  cure  even  of  an 
inward  difeafe,  than  nature  herfelf  feems  able  to  do  : for,  if  any  fuch  me- 
dicine may  be  prepared  by  art,  as  Helmont  affirms  to  be  attainable  from 
Paracelfus* s Ludus , by  the  alkaheft ; or,  as  Cardan  relates,  that  an  empiric 
had  in  his  time,  who  travell’d  up  and  down  Italy , curing  fuch  where-ever 
he  came,  as  were  tormented  with  the  ftone  of  the  bladder;  the  phyfician 
might,  by  fuch  inftruments,  perform  that  which,  for  ought  appears,  is 
not  to  be  done  by  nature  herfelf ; fince  we  never  find  that  fhe  dififolves  a 
confirm’d  Hone  in  the  bladder.  Nay,  fometimes  the  phyfician  does,  even 
without  the  help  of  a medicine,  control  and  over-rule  this  nature,  to  the 
great  and  fudden  advantage  of  the  patient,  as  in  the  cafe  of  fwooning. 

It  appears  from  the  whole,  that  as  there  are  fome  phenomena,  which 
feem  to  favour  the  dodtrine  of  the  naturifts,  about  the  cure  of  difeafe^  ; fo 
there  are  others,  that  more  manifeftly  agree  with  our  hypothefis.  Aria  both 

thefe 


144 

Physics. 


A free  Inquiry  into  the 

thefe  forts  of  phenomena  being  confider’d  together,  may  well  fuggeft  a 
fufpicion  that  the  moft  wife  and  free  author  of  things  having  framed  the 
firft  individuals  of  mankind  fo  as  to  be  fit  to  laft  for  many  years,  and  en- 
dow’d thofe  originals  with  the  power  of  propagating  their  fpecies  *,  it 
thence  comes  to  pafs,  that  in  the  fubfequent  engines  we  call  human  bodies, 
when  neither  particular  providence,  nor  the  rational  foul,  nor  over-ruling 
impediments  interpofe,  things  are  generally  perform’d  according  to  mecha- 
nical laws  and  courfes  *,  whether  the  effe&s  and  events  of  thefe  prove  con- 
ducive to  the  v/elfare  of  the  engine  itfelf,  or  elfe  cheriffi  and  foment  extra- 
neous bodies  or  caufes,  whofe  prefervation  and  increafe  are  hurtful  to  it. 
Hence  the  happy  things  referr’d  to  nature’s  prudent  care  for  the  recovery 
and  welfare  of  lick  perfons,  are  ufually  genuine  confequences  of  the  mecha- 
nifm  of  the  world,  and  the  patient’s  body  *,  which  effects  luckily  happen 
to  be  co-incident  with  his  recovery,  rather  than  to  have  been  purpofely  and 
wifely  produced  in  order  to  it*,  fince  what  is  called  nature,  feems  careful 
to  produce,  preferve,  and  cherilli  things  hurtful  to  the  body,  as  well  as 
thofe  beneficial  to  it. 

Thus  not  only  worms,  but  frogs  and  toads,  taken  in  their  fpawn,  with 
corrupted  water,  have  been  cherifh’d  in  the  ftomach,  till  the  eggs  being 
grown  compleat  animals,  have  produced  horrid  fymptoms  in  the  body. 
And  if,  according  to  the  receiv’d  opinions  of  phyficians,  ftubborn  quar- 
tans are  produced  by  a melancholy  humour  feated  in  the  fpleen  ; it  may  be 
faid  that  nature  feems  to  bufy  herfelf  to  convert  fome  parts  of  the  fluid 
chyle  into  fo  tenacious  a juice,  that,  in  many  patients,  notwithflanding  the 
neighbourhood  of  the  fpleen  and  ftomach,  neither  ftrong  emetics,  purges, 
nor  other  ufual  remedies,  are  able,  in  a long  time,  to  diflodge,  refolve, 
or  correct  it. 

But  the  poifon  of  a mad  dog  nature  fometimes  feems  induftrioufly  to 
preferve ; for  we  have  inftances  of  a little  foam  convey’d  into  the  blood 
by  a flight  hurt,  which,  notwithflanding  the  conftant  heat  and  perfpirable 
make  of  the  human  body,  and  the  diffipable  texture  of  the  foam,  fo  pre- 
ferved,  and  fometimes  too  for  many  years,  that  at  the  end  of  that  time  it 
has  broke  out,  and  difplay’d  its  fatal  efficacy  with  as  much  vigor  and  fury 
as  if  it  had  but  newly  been  receiv’d  into  the  body. 

Thus  tho’  the  quantity  of  poifon  in  the  bite  of  the  Tarantula  is 
fcarce  vifible,  being  communicated  by  the  tooth  of  fo  fmall  an  animal 
as  a fpider  ; yet,  in  many  patients,  ’tis  preferv’d  during  a great  part  of 
their  lives,  and  manifefts  its  continuance  in  the  body  by  annual  paroxyftns. 
And  a perfon  of  great  quality  complain’d  to  me,  that  being  in  the  Eaft , 
the  biting  or  flinging  of  a creature,  whofe  offenfive  arms  were  fo  fmall, 
that  the  eye  could  very  hardly  difeern  the  hurt,  had  fo  lafting  an  effect 
upon  him,  that  for  about  twelve  years  after  he  was  reminded  of  his  mif- 
chance,  by  a pain  he  felt  in  the  hurt  place,  about  the  fame  time  of  the 
year  that  the  mifehief  was  firft  done  him.  And  in  fome  hereditary  dif- 
eafes,  as  the  gout,  the  fall ing-ficknels,  &c.  nature  feems  t©  a£l  as  if  fhe  did, 
with  care  and  skill,  tranfmit  to  the  unhappy  child  fuch  morbific  feeds,  or 

impref- 
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impreffions  of  the  parents,  that,  infpiteof  all  the  various  alterations  the  Physics. 
younger  body  paffes  thro’  during  the  courfe  of  many  years,  this  prote<5ted  L/YV! 
enemy  is  able  to  exert  its  power  and  malice,  after  forty  or  fifty  years  con- 
cealment. 

In  the  fame  manner,  but  with  light  variations,  other  axioms  about  na- 
ture might  be  eafily  explain’d. 

But  tho'  we  could  not  intelligibly  explain  all  the  particular  axioms  about 
her,  and  the  phenomena  of  inanimate  bodies,  that  are  thought  to  favour 
them  by  mechanical  principles,  it  would  not  follow  that  we  muft  therefore 
yield  up  the  whole  caufe  to  the  naturifts.  For  we  have  already  fhewn, 
that  the  fuppofition  of  fuch  a Being  as  they  call  nature  is  far  from  enabling 
her  patrons  to  give  intelligible  accounts  of  thefe  and  other  phenomena  of 
the  univerfe.  And  tho’  our  doCtrine  fhould  be  inefficient  to  give  a good 
account  of  things  corporeal  •,  yet  a lefs  degree  of  probability  may  ferve 
in  arguments  employ’d  but  to  juftify  a doubt,  than  is  requir’d  in  thofe 
that  are  to  demonftrate  an  affertion. 

’Tis  true,  the  naturifts  tell  us,  that  the  nature  they  afiert  is  the  princi- 
ple of  all  motions  and  operations  in  bodies  , which  infers,  that  in  explain- 
ing them  we  muft  have  recourfe  to  her. 

But  before  we  acquiefce  in,  or  confidently  employ  this  principle,  it  were 
very  fit  we  knew  what  it  is:  I therefore  demand  of  thofe  who  affert  fuch 
a nature  as  is  vulgarly  defcribed,  whether  it  be  a fubftance,  or  an  accident? 

If  it  be  the  latter,  it  fhould  be  declar’d  what  kind  of  accident  it  is  ; how 
a folitary  accident  can  have  right  to  all  thofe  attributes,  and  produce  thofe 
numerous  and  wonderful  effeCls  that  they  afcribe  to  nature  ; and  why  a 
complex  of  fuch  accidents  as  are  the  mechanical  affections  of  matter,  may 
not  altogether  as  probably  as  that  accident  they  call  nature,  be  conceiv’d 
to  have  been  inftituted  by  the  perfectly  wife  author  of  the  univerfe,  to  pro- 
duce thofe  changes  among  bodies  which  are  intelligibly  referable  to  them. 

And  if  things  be  not  brought  to  pafs  by  their  intervention,  ’twere  very  fit 
we  fhould  be  inform’d  by  what  other  particular  and  intelligible  means  na- 
ture can  effeCt  them  better. 

But  if  it  be  laid,  as  by  moft  it  is,  that  the  principle  call’d  nature  is  a 
fubftance*,  I demand  whether  it  be  corporeal  or  immaterial?  If  it  be 
immaterial,  I further  ask,  whether  it  be  created,  or  not?  If  not,  we 
have  God  under  another  name,  and  our  difpute  is  at  an  end,  by  the  re- 
moval of  its  fubjeCt,  which  is  faid  by  the  fchools  to  be  God’s  vicegerent, 
not  God  himfelf.  But  if  nature  be  affirm’d  (as  fhe  is  by  all  chriftian 
philofophers)  to  be  a created  Being  ; I then  demand  whether  fhe  be  en- 
dow’d with  underftanding,  fo  as  to  know  what  fhe  does,  for  what  ends, 
and  by  what  laws  fhe  ought  to  aCt  ? If  the  anfwer  be  negative,  the  fup- 
pofition  of  nature  will  be  of  very  little  ufe  to  afford  an  intelligible  account 
of  things.  And  if  it  fhould  be  faid  that  nature  is  endowed  with  under- 
ftanding, and  performs  fuch  funClions  as  many  of  the  ancients  afcribe  to 
the  foul  of  the  world  ; this  hypothefis  is  near  of  kin  to  heathenifm  *,  and  I 
do  not  think  that  they  who  fuppofe  a kind  of  foul  of  the  univerfe,  will 
Vol.II.  * r U find 
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find  this  principle  fufficient  to  explain  the  phenomena  of  it.  For  though 
nature  be  admitted  to  have  reafon,  yet  a multitude  of  phenomena  may  be 
mechanically  produced,  without  her  immediate  intervention  •,  as,  we  fee, 
that  in  man,  though  the  rational  foul  has  fo  narrow  a province  to  take  care 
of,  as  the  human  body,  and  is  fuppofed  to  be  intimately  united  to  all  the 
parts  of  it  ; yet  abundance  of  things  are  done  in  the  body,  by  the  mecba- 
nifm  of  it,  without  being  produced  by  the  foul.  In  fleep,  the  circulati- 
on of  the  blood,  the  regular  pulfation  of  the  heart,  digeftion,  nutrition, 
refpiration,  &V.  are  perform’d  without  the  immediate  agency,  or  fo  much 
as  the  a&ual  knowledge  of  the  mind.  And,  when  a man  is  awake,  many 
things  are  done  in  his  body,  not  only  without  the  direction,  but  againft 
the  bent  of  his  mind  ; as  often  happens  in  cramps,  and  other  convulfions, 
coughing,  yawning,  fcfc.  Nay,  tho*  fome  brutes,  as,  particularly,  apes, 
have  the  ftrudture  of  many  parts  of  their  bodies  very  like  that  of  the  cor- 
refpondent  ones  in  men  ; yet  that  admirable  work  of  the  formation  and 
organization  of  the  foetus  in  them,  is  granted,  by  philofophers,  to  be 
made  by  the  foul  of  the  brute,  which  is  neither  an  incorporeal,  nor  a ra- 
tional fubftance.  And  even  the  human  foetus,  if  we  admit  the  general 
opinion  of  philofophers,  phyficians,  divines,  and  lawyers,  is  form’d  with- 
out the  intervention  of  the  rational  foul,  that  is  not  infufed,  till  this  hath 
obtain’d  an  organization,  fitting  to  receive  fuch  a gueft  ; which  it  is 
reputed  to  do,  about  the  end  of  the  fixth  week,  or  before  that  of  the 
feventh. 

If  it  be  urged,  that  nature,  being  the  principle  of  motion  in  bodies; 
their  various  motions,  which  amount  to  a confiderable  part  of  their  phe- 
nomena, muft  be  explained,  by  having  recourfe  to  her  : I anlwer,  *tis 
very  difficult  to  conceive  how  a created,  immaterial  fubftance,  can,  by  a 
phyfical  power,  move  a body  ; the  agent  having  no  impenetrable  part, 
wherewith  to  impel  the  corporeal  Mobile.  God,  indeed,  who  is  an  im- 
material fpirit,  ought  to  be  acknowledg’d  the  primary  caufe  of  motion  in 
matter  ; becaufe  motion  necefifarily  belongs  not  to  corporeal  fubftances* 
But,  then,  there  is  that  infinite  diftance  between  the  incomprehenfible 
creator,  and  the  leaft  imperfedt  order  of  his  creatures,  that  we  ought  to 
be  very  cautious  how  we  make  parallels  between  them  *,  and  draw  infe- 
rences from  his  power,  and  manner  of  acting,  to  theirs:  fince  he,  for 
inftance,  can  immediately  adt  upon  human  fouls,  as  having  created  them  ; 
whilft  they  are  not  able  fo  to  adt  upon  one  another.  And  it  feems  the 
more  d ifficult  to  conceive,  that,  if  nature  be  an  incorporeal  fubftance,  ffie 
fihould  be  the  great  mover  of  the  mundane  matter  ; becaufe  we  fee, 
that,  in  a human  body,  the  rational  foul,  tho’  vitally  united  to  it,  can 
only  determine  the  motion  of  fome  of  the  parts  ; not  give  motion  to  any, 
or  fo  much  as  regulate  it  in  moft.  And,  if  nature  be  faid  to  move  bodies, 
in  another  than  a phyfical  way  ; I doubt,  whether  the  fuppofition  of  fuch 
a principle  will  be  of  much  ufeto  philofophers,  in  explaining  phenomena. 
I fhould  fcarce  think  him  a judicious  phyfician,  who  imagines,  that  he 
gives  an  intelligible  and  particular  account  of  the  furprizing  fymptoms  of 
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thofe  ftrange  difeafes  that  many  impute  to  witchcraft,  when  he  fays  that  Physics. 
their  phenomena  are  produced  by  a wicked  immaterial  fpirit,  call’d  a L/VV/ 
devil. 

But  ’tis  thought  that  the  greater  number  of  philofophers,  at  leaft  a- 
mong  the  moderns,  take  nature  to  be  corporeal:  I therefore  demand  whe- 
ther thefe  philofophers  believe  nature,  tho’  corporeal,  to  adt  knowingly, 
that  is,  with  confcioufnefs  of  what  Hie  does,  and  for  defigned  ends  ; or  elfe 
to  be  blindly  and  neceftarily  moved  and  directed  by  a fuperior  agent,  en- 
dow’d with  an  excellent  underftanding  ? 

The  Cartefians  would  ask,  how,  if  nature  be  a corporeal  fubftance,  we 
can  conceive  her  capable  of  thinking,  and  of  being  a moll  wife  and  provi- 
dent director  of  all  the  motions  that  are  made  in  the  corporeal  world  ? 

And  a philofopher  may  juftly  demand,  how  a corporeal  Being  can  fo 
pervade  the  univerfe,  as  to  be  intimately  prefent  with  all  its  minute  parts, 
whereof  ’tis  faid  to  be  the  principle  of  motion  ? 

We  may  alfo  demand  whence  nature,  being  a material  fubftance,  comes 
itfelf  to  have  motion,  fmce  motion  does  not  belong  to  matter  in  itfelf  ? 

For  a body  is  as  truly  a body  when  it  refls,  as  when  it  moves.  If  it  be  an- 
fwer’d,  that  God  at  fir  ft  put  it  into  motion  •,  I reply,  that  the  fame  caufe 
may  as  probably  be  fuppos’d  to  have  put  the  unqueftion’d  mundane  mat- 
ter into  motion,  without  the  intervention  of  another  corporeal  Being,  in 
the  conception  whereof  as  matter,  motion  is  not  involv’d. 

It.  may  likewife  be  ask’d,  how  the  laws  of  motion  come  to  be  obferv’d, 
or  maintain’d,  by  a corporeal  Being,  which,  as  merely  fuch,  is  either  un- 
capable  of  underftanding  them,  or  of  adting  with  refpedt  to  them  ; or, 
at  leaft,  is  not  neceftarily  endow’d  with  any  knowledge  of  them,  or  power 
to  conform  to  them,  and  to  make  all  the  parts  of  the  unqueftion’d  mundane 
matter  do  fo  too? 

And  I fee  not  how  the  taking  in  fuch  an  unintelligible  and  undefigning 
principle,  will  free  our  underftandings  from  great  difficulties,  when  we 
come  to  explain  the  phenomena  of  bodies.  For  if  narure  be  a bodily 
creature,  and  a<5ts  neceftarily  ; 1 fee  no  caufe  to  look  upon  it  as  other  than 
a kind  of  engine  : and  the  difficulty  may  be  as  great  to  conceive  how  all 
the  feveral  parts  'of  this  fuppos’d  engine,  call’d  nature,  are  themfelves 
framed  and  moved  by  the  great  author  of  things,  and  how  they  adl 
upon  one  another,  as  well  as  upon  the  undoubted  mundane  bodies  •>  as  ’tis 
to  conceive  how  in  the  world  itfelf,  which  is  manifeftly  an  admirably 
contriv’d  automaton,  the  phenomena  may  by  the  fame  author  be  pro- 
duced, in  confequence  of  the  primitive  conftru&ion  and  motions  that  he 
gave  it,  without  the  concurrence  of  fuch  a thing  as  they  call  nature. 

For  this,  as  well  as  the  world,  being  a corporeal  creature  ; we  cannot 
conceive  that ‘either  of  them  a£t  otherwife  than  mechanically.  And  it 
feems  very  fuitable  to  the  divine  wifdom  to  employ  in  the  world,  already 
framed  and  completed,  the  feweft,  and  moft  fimple  means,  by  which  the 
phenomena,  defign’d  to  be  exhibited,  could  be  produced.  Nor  need  we 
be  much  mov’d  to  hear  fome  naturifts  fay,  that  nature,  tho’ not  an  in- 
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Physics,  corporeal  Being,  is  of  an  order  fuperior  to  mere  matter.  For  who  can 
L/YNJ  clearly  conceive  an  order,  or  kind  of  Beings,  that  (hall  be  real  fubftances, 
and  yet  neither  corporeal  nor  immaterial  ? Nor  do  I fee  how  the  fuppo- 
fition  of  this  unintelligible,  at  lead  unintelligent  Being,  tho’  we  fhould 
grant  it  to  have  a kind  of  life  or  foul,  will  much  affift  us  to  folve  phenomena. 

To  draw,  at  length,  towards  a conclufion  *,  what  we  have  here  deliver’d 
upon  this  fubjedt,  may,  perhaps,  do  fome  fervice  both  to  natural  philofo- 
phy,  and  to  religion. 

The ufe  and  We  have  attempted  to  difluade  philofophers  from  often  employing,  and 
advantages  of  without  great  need,  a term,  which,  by  reafon  of  its  great  ambiguity,  and 
this  inquiry.  the  ]jtt]e  care  takcn  by  fuch  as  ufe  jtj  t0  diftinguifh  its  different  acceptions, 
occafions  both  a great  deal  of  darknefs  andconfufion  in  what  men  fay  and 
write  about  things  corporeal  *,  and  a multitude  of  controverfies,  wherein 
really  they  wrangle  about  words.  And  this  difcourfe  may,  poffibly,  wean 
many  from  the  fond  conceit  they  cherifh,  that  they  underftand  or  explain 
a corporeal  fubjedt,  or  a phenomenon,  when  they  afcribe  it  to  nature. 
For  to  do  that  one  need  not  be  a philofopher,  fince  a peafant  may  eafily  do 
the  fame. 

A man  has  never  well  perform’d  the  part  of  a true  philofopher,  till  he 
circumftantially  or  particularly  deduces  the  phenomenon  he  confiders  by 
intelligible  ways,  from  intelligible  principles;  which  he  will  be  conftantly 
put  in  mind  of  doing,  or  difcover  that  he  hath  not  done,  if  by  forbearing 
general  and  ambiguous  terms  he  endeavours  to  explain  things  by  expref- 
fions  that  are  clear  to  all  attentive  readers.  And  this  perfpicuous  way  of 
philofophizing  fhould  be  greatly  recommended,  by  the  valuable  difco- 
veries  which  thofe  who  employ’d  it  have  happily  made,  in  hydroftatics, 
optics,  anatomy,  botanies,  and  many  other  parts  of  real  learning. 

Our  dodlrine  may  alfo  be  ferviceable  to  religion  in  three  refpedts. 

And  firft,  it  may  keep  many,  who  were  inclined  to  have  an  exceflive 
veneration  for  what  they  call  nature,  from  running  into  thofe  extravagant 
and  facrilegious  errors,  that  have  been,  upon  plaufible  pretences,  embra- 
ced, not  only  by  many  of  the  old  heathen  philofophers,  but  by  feveral 
modern  profeffors  of  chriftianity. 

Secondly,  it  may  conduce  to  juftify  fome  remarkable  proceedings  of  di- 
vine providence,  againft  thofe  who  boldly  cenfure  it,  upon  the  account  of 
fome  things  they  judge  to  be  phyfical  irregularities  ; fuch  as  monfters, 
earth  quakes,  floods,  eruptions  of  vulcano’s,  famines,  &V.  For,  ac- 
cording to  us, 

1.  God  is  a mod  free  agent,  and  created  the  world,  not  out  of  necef- 
fity,  but  voluntarily,  having  framed  it  as  he  pleafed  and  thought  fit  at  the 
beginning  of  things,  when  there  was  no  fubftance  but  himfelf,  and  con- 
fequently  no  creature  to  which  he  could  be  obliged,  or  by  wHiich  he  could 
be  limited. 

2.  God  having  an  underftanding  infinitely  fuperior  to  that  of  man,  in 
extent,  clearnefs,  and  other  excellencies  ; he  may  rationally  be  fuppos’d 
to  have  framed  fo  great  and  admirable  an  automaton  as  the  world,  and 
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the  fubordinate  engines  comprized  in  it  for  feveral  ends  and  purpofes,  Phystcs. 
fome  of  them  relating  chiefly  to  his  corporeal,  and  others  to  his  rational 
creatures  *,  of  which  ends  he  hath  vouchfafed  to  make  fome  difcoverable 
by  our  dim  reafon,  whild  others  are  probably  not  to  be  penetrated  by  it, 
but  lie  conceal’d  in  the  deep  abyfs  of  his  unfearchable  wifdom. 

3.  It  feems  probable  that  this  moft  excellent  and  glorious  Being  thought 
fit  to  order  things  fo,  that  both  his  works  and  adtions  might  bear  fome 
marks  of  his  attributes,  and  efpecially  to  damp  upon  his  corporeal  works 
fome  tokens  or  impreflfes  of  his  divine  wifdom,  difcernible  by  the  human 
mind. 

4.  Upon  this  fuppofition  it  became  the  divine  author  of  the  univerfe  to 
give  it  fuch  a dru&ure,  and  fuch  powers,  and  to  edablifh  among  its  parts 
fuch  general  and  condant  laws  as  bed  fuited  his  purpofes  in  creating  the 
world,  and  to  give  thefe  univerfal  laws,  and  particular  parts,  or  bodies, 
fuch  fubordinations  to  one  another,  and  fuch  references  to  the  original  fa- 
bric of  the  grand  fydem  of  the  world,  that,  on  all  particular  occafions, 
the  welfare  of  inferior  or  private  portions  of  it  fhould  be  only  fo  far  pro- 
vided for,  as  their  welfare  is  confident  with  the  general  laws  by  him  fettled 
in  the  univerfe  •,  and  with  fuch  of  thofe  ends  that  he  propos’d  to  himfelf  in 
framing  it,  as  are  more  confiderable  than  the  welfare  of  thofe  particular 
creatures. 

5.  The  lad  fervice  that,  I hope,  our  dodlrine  may  do  religion,  is,  to 
induce  men  to  pay  their  admiration,  their  praifes,  and  their  thanks,  di- 
rectly to  God  himfelf  \ who  is  the  true  and  only  creator  of  the  fun,  moon, 
earth,  and  thofe  other  creatures  that  men  call  the  works  of  nature.  And 
in  this  way  of  exprefling  their  veneration  of  the  true  God,  and  their  gra- 
titude to  him,  they  are  warranted  by  the  examples  of  the  ancient  people 
of  God,  the  Ifraelitss  ; and  not  only  by  the  infpired  perfons  of  the  old  te- 
dament,  but  by  the  promulgators  of  the  new,  and  even  by  the  celedial 
fpirits,  who  in  the  Revelation  of  St.  John  are  introduced  praiflng  and 
thanking  God  himfelf  for  his  works,  without  taking  any  notice  of  his  pre- 
tended vicegerent,  nature. 
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SECT.  I. 

IHere  propofe  to  deliver  my  thoughts  upon  thefe  four  queftions. 
i.  Whether,  indefinitely  fpeaking,  there  be  any  final  caufes  of  things 
corporeal,  knowable  to  men  ? 2.  Whether,  if  that  queftion  be  re- 
folv’d  in  the  affirmative,  we  may  confider  final  caufes  in  all  forts  of 
bodies,  or  only  in  fuch  as  are  peculiarly  qualified?  3.  Whether,  or  in 
what  fenfe,  the  acting  for  ends  may  be  afcribed  to  an  unintelligent  and 
inanimate  body  ? 4.  And  laftly,  how  far,  and  with  what  cautions,  argu- 
ments may  be  framed  upon  the  fuppofition  of  final  caufes? 

To  begin  with  the  firft  queftion.  Thofe  who  would  exclude  final  cau- 
fes from  the  confideration  of  the  naturalift,  feem  to  do  it,  either  becaufe, 
with  Epicurus , they  think  the  world  was  produc’d  by  atoms  and  chance, 
without  the  intervention  of  a Deity  ; and,  confequently,  that  ’tis  in  vain  to 
feek  for  fuch  caufes:  or  becaufe,  with  Des  Cartes , they  imagine,  that  God 
being  omnifcient,  ’tis  rafh  and  prefumptuous  for  men  to  think  they  know, 
or  can  difcover  what  ends  he  propos’d  to  himfelf,  in  his  creatures.  The 
fuppofition  on  which  the  Epicureanshzvt  rejected  final  caufes,  has  been  dif- 
allow’d  by  the  philofophers  of  almoft  all  other  fe£ts  *,  and  fome  have  writ- 
ten fufficient  confutations  of  it:  Iffiall,  however,  in  the progrefs  of  our 
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work,  make  fuch  occasional  obfervations,  as  may  ferve  to  dffcredit  fo  un-  Physics. 
reafonable  an  opinion.  But  the  Cartefian  argument  having  been  fo  preva-  l/YV 
lent  among  learned  and  ingenious  men,  I fhall  bellow  the  more  pains  in  the 
confideration  of  that. 

One  thing,  perhaps,  that  kept  fo  great  a philofopheras  Des  Cartes , from 
allowing  the  confideration  of  final  caufes  in  phyfics,  was,  that  thefchool- 
philofophers,  and  others,  are  apt  to  propofe  it  too  unwarily  ; as  if  there 
were  no  creature  in  the  world,  that  was  not  folely,  or  chiefly  defign’d  for 
the  fervice  of  man.  And,  indeed,  I have  feen  a body  of  divinity,  pub- 
lilh’d  by  a famous  author,  wherein  he  urges  this  argument  for  the  an- 
nihilation of  the  world  •,  <c  That  fince  the  world  was  made  for  the  fake  of 
“ man,  in  his  travelling  capacity  ; when  once  man  is  poffefs’d  of  his  ever- 
“ lafling  flate  of  happinefs,  or  mifery,  there  will  be  no  further  ufe  of  the 
*c  world.”  The  opinion  that  gives  rife  to  fuch  prefumptuous  and  unwar- 
rantable expreffions,  was,  as  I conje&ure  from  his  objedtion,  very  fhocking 
to  Des  Cartes  \ but  the  indifcretion  of  men  ought  not  to  prejudice  truth, 
which  is  not  to  be  thrown  away  with  the  groundlefs  conceits  that  fome 
people  have  pinn’d  upon  it. 

Since  then,  I cannot  clofe  in  either  with  the  dodrine  of  the  Epicureans , 
or  Cartejians , I fhall  leave  each  party  to  maintain  its  refpedive  opinion, 
and  proceed  to  declare  my  own  : but,  to  clear  the  way,  ’tis  neceffary  to 
premifea  diflindion.  • 

In  fpeaking  of  the  ends  whidh  the  author  of  nature  is  faid  to  have  in  Final  caufes, 
things  corporeal,  any  of  thefe  four  particulars  may  be  fignified.  wbat  they  map 

Firll,  Somegrand  and  general  ends  of  theuniverfe;  fuch  as  exercifmg 
and  difplaying  the  creator's  wifdom  •,  the  communication  of  his  goodnefs, 
and  the  admiration  and  thanks  due  to  him  from  his  intelligent  creatures, 

&c.  And  thefe  ends,  becaufe  they  regard  the  whole  creation,  I call  the 
univerfal  ends  of  God,  or  nature. 

Secondly,  In  a more  reft  rain’d  fenfe,  the  ends  defign’d  in  the  number, 
fabric,  fituation,  and  motion  of  great  maffes  of  matter,  that  make  large  parts 
of  the  world ; fince  ’tis  very  probable,  that  thefe  bodies,  fuch  as  the  fun, 
moon,  fix’d  flars,  and  the  terraqueous  globe,  were  fo  framed,  and  placed, 
as  not  only  to  per fevere  in  their  own  prefent  flate,  but  alfo  to  conduce  to 
the  univerfal  ends  of  the  creation,  and  the  good  of  the  whole,  whereof 
they  are  confiderable  parts.  Upon  which  accounts,  thefe  ends  may  be 
called  cofmicai,  or  fyftematical  ; as  they  regard  the  fymmetry  of  thegreat 
fyflem  of  the  world. 

Thirdly,  ends  that  more  peculiarly  concern  the  parts  of  animals,  and, 
perhaps,  plants  too  ; or  thofe  to  which  the  particular  parts  of  animals  are 
deflined  for  the  welfare  of  the  whole  creature,  confider’d  as  an  entire  and 
diflindl  fyflem  of  organiz’d  parts,  defign’d  to  preferve  himfelf,  and  pro- 
pagate his  fpecies,  upon  that  flage  to  which  his  flrudlure,  and  circumftan- 
ces  determine  him  to  adl  his  part.  And  thefe  ends,  to  diflinguifh  them 
from  others,  may  be  call’d  animal  ends. 
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Laftly,  The  fame  expreffion  may  fignify  another  fort  of  ends,  which, 
becaufe  they  relate  particularly  to  man,  may  be  called  human  ends,  and 
are  thofe  aimed  at  by  nature,  where  fhe  is  faid  to  frame  animals,  vegeta- 
bles, &c.  lor  tne  ufe  of  man.  And  thefe  ends  may  farther  be  diftinguifh’d 
into  mental  and  corporeal,  not  only  as  man  is  an  animal  framed,  like  others, 
for  his  own  prefervation,  and  the  propagation  of  his  fpecies,  but  alfo  as  he 
is  made  to  have  dominion  over  other  animals,  and  works  of  nature,  and  fit- 
ted to  make  them  fubfervient  to  his  purpofes.  This  diftindtion  being  thus 
fettled,  I declare  my  difient  as  well  from  the  vulgar  notion  of  final  caufes, 
which  allows  of  none  but  thofe  we  have  call’d  human  ones,  as  from  theirs 
who  wholly  rejedt  them  all. 

’Tis  an  acknowledg’d  principle  of  the  Cartefian  philofophy,  that  there 
is  always  the  fame  quantity  of  motion  in  the  world  * ; becaufe,  fay  they, 
there  is  no  reafon  why  God,  who  is  immutable,  fhould,  at  the  beginning 
of  things,  have  given  fuch  a quantity  of  motion  to  matter  as  fhould  neecTto 
be  afterwards  augmented  or  leflen’d.  But  do  not  thofe  who  employ  this 
negative  argument  take  upon  them  to  judge  of  the  ends  that  God  may 
have  propos’d  to  himfelf  in  natural  things?  For  without  fuppohng  that 
they  know  what  God  defign’d  in  fetting  matter  in  motion,  ’tis  hard  for 
them  to  fliew  that  his  defign  could  not  be  bed  accomplifh’d  by  fome- 
times  adding  to,  and  fometimes  taking  from  the  quantity  of  motion  he 

originally 


* Sir  Ifaac  Newton  makes  it  evident,  that 
there  is  not  always  the  famequantity  of  mo- 
tion in  the  world.  “ The  vis  inertia , fays 
“ that  great  philofopher,  is  a paflive  prin- 
“ ciple,  by  which  bodies  perfift  in  their 
“ motion,  or  reft;  receive  motion  in  pro- 
“ portion  to  the  force  imprefling  it,  and 
“ refill  as  much  as  they  are  refilted.  By 
“ this  principle,  alone,  there  could  never 
“ have  been  any  motion  in  the  world. 
“ Some  other  principle  was  neceflary  for 
“ putting  bodies  into  motion;  and  now 
“ they  are  in  motion,  fome  other  principle 
“ is  neceflary  for  conferving  the  motion. 
“ For,  from  the  various  compofltion  of 
“ two  motions,  ’tis  very  certain,  there  is 
“ not  always  the  fame  quantity  of  motion 
“ in  the  world.  For,  if  two  globes  join’d 
“ by  a /lender  rod,  revolve  about  their 
€t  common  centre  of  gravity,  with  an  uni- 
“ form  motion,  while  that  centre  moves  on 
4t  uniformly,  in  a right  line,  drawn  in  the 
“ plain  of  their  circular  motion ; the  fum 
“ of  the  motions  of  the  two  globes,  as  of- 
“ ten  as  the  globes  are  in  a right  line,  de- 
fcribed  by  their  common  centre  of  gravi- 

**  ty,  will  be  bigger  than  the  fum  of  their 


“ motions,  when  they  are  in  a line  perpendi- 
“ cular  to  that  right  line.  By  this  inftance 
“ it  appears,  that  motion  may  be  got  or  loft. 
“ But  by  reafon  of  the  tenacity  of  fluids, 
“ and  attrition  of  their  parts,  and  the  weak- 
**  nefs  of  elafticity  in  folids,  motion  is  much 
“ more  apt  to  be  loft,  than  got ; and  is  al- 
“ ways  upon  the  decay.  For,  bodies 
“ which  are  either  abfolutely  hard,  or  fo 
“ folt  as  to  be  void  of  elafticity,  will  not 
“ rebound  from  one  another.  Impenetra- 
“ bility  makes  them  only  flop.  If  two 
“ equal  bodies  meet  direftly  in  vacuo , they 
“ will,  by  the  laws  of  motion,  flop  where 
“ they  meet,  and  lofe  all  their  motion, 
“ and  remain  at  reft  ; un!ers  they  be  elaf- 
“ tic,  and  receive  new  motion  from  their 
“ ^Pr  ng.  If  they  have  fo  much  elafticity 
“ as  fulhces  to  make  them  rebound  with 
“ or  or  of  the  force  with  which 
“ they  come  together,  they  will  lofe  i, 
“ or  i,  ori  of  their  motion.  And  tlrs 
“ may  be  tried,  by  letting  two  equal 
“ pendulums  fall  againft  one  another  from 
“ equal  he  ghts.  Ir  the  pendulums  be  of 
lead,  or  fofr  clay,  they  will  lofe  all, 
“ or  almoft  all  their  motions ; if  of  ela- 
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originally  communicated  to  matter.  And,  I think,  it  may  be  worth  confi-  Physics. 
dering,  whether  by  this  dodtrine  of  theirs,  the  Cartefians  do  not  more  take 
upon  them,  than  other  philofophers,  to  judge  of  God’s  defigns.  For,  if  a 
man  be  known  for  very  wife,  and  to  have  various  ways  of  compafling  his 
feveral  ends  *,  he  who,  feeing  fome  of  thofe  ways  have  a diredt  tendency 
to  a rational  end,  fhali  conclude  that  end  to  be  one  of  the  number  intend- 
ed, thereby  exprefles  more  refpedt  to  that  man,  than  he  who  fhould  con- 
clude, his  end  cannot  be  fuch  *,  and  that  he  has  no  other  defign  knowable, 
except  a certain  general  one.  And,  indeed,  it  feems  more  eafy  to  know, 
that  a particular  end,  for  which  an  engine  is  proper,  may,  among  others, 
be  intended  by  the  artificer,  tho’  never  fo  skilful ; than  to  know  negatively, 
that  he  can  have  no  other  than  fuch  a certain  end. 

And  how  will  a Cartefian  be  fure,  that  among  the  many  ends  he  grants 
God  may  have  propofed  to  himfelf,  in  the  produdtion  of  his  mundane  crea- 
tures, one  is  not,  that  we,  whom  he  has  made  intelligent  Beings,  and  capable 
of  admiring  and  praifing  him,  fhould  find  juft  caufe  to  do  fo,  for  the  wif- 
dom  and  goodnefs  he  has  difplay’d  in  the  world?  Which  attributes  we 
could  not  well  difcern,  and  celebrate,  unlefs  we  knew  that  the  crea- 
tures were  made  for  fuch  ufes,  and  that  they  are  exceedingly  well  fitted  to 
them.  God’s  immutability  is,  indeed,  alledg’d  to  prove,  that  the  quantity 

“ motion,  the  motion  would  conftantly 
“ decay.  Seeing,  therefore,  the  variety 
“ of  motion  which  we  find  in  the  world, 

“ is  always  decreafing,  there  is  a neceflity 
“ of  conferving  and  recruiting  it  by  aCtive 
* ‘ principles  ; fuch  as  are  the  caufe  of  gra- 
“ vity,  by  which  planets  and  comets  keep 
“ their  motions  in  their  orbs,  and  bodies 
“ acquire  great  motion  in  falling  ; and  the 
“ caufe  of  fermentation,  by  which  the 
“ heart  and  blood  of  animals  are  kept  in 
(t  perpetual  motion,  and  heat;  the  inward 
“ parts  of  the  earth  are  conftantly  warm’d, 

“ and,  in  fome  places,  grow  very  hot; 

“ bodies  burn  and  fhine;  mountains  take 
“ fire;  the  caverns  of  the  earth  are  blown 
“ up ; and  the  fun  continues  violently  hot, 

“ and  lucid,  and  warms  all  things  by  his 
“ light.  For,  we  meet  with  very  little 
<e  motion  in  the  world,  befides  what  is 
“ owing  to  thefe  aflive  principles.  And, 

“ if  it  were  notfor  thefe  principles, the  bodies 
“ of  the  earth,  planets,  comets,  fun,  and 
“ all  things  in  them,  would  grow  cold, 

“ and  freeze,  and  become  inactive  mafles ; 

“ and  all  putrefaction,  generation,  vege- 
“ tation,  and  life,  would  ceafe  ; and  the 
“ planets  and  comets  would  not  remain 
“ in  their  orbs.”  Newton . Optic,  p.  372, 
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“ ftic  bodies,  they  will  lofe  all  but  what 
“ they  recover  from  their  elafticity.  If 
“ it  be  faid,  that  they  can  lofe  no  motion 
“ but  what  they  communicate  to  other 
“ bodies,  the  confequence  is,  that  in 
“ vacuo  they  can  lofe  no  motion ; but, 

“ when  they  meet,  mull  go  on,  and  pene- 
trate  one  another’s  dimenfions.  If  three 
equal  round  velfels  be  fill’d,  the  one 
**  with  water,  the  other  with  oil,  and 
4t  the  third  with  melted  pitch ; and  the 
“ liquors  be  ftirred  about  alike,  to  give 
~ them  a vortical  motion ; the  pitch,  by 
“ its  tenacity,  will  lofe  its  motion  quick- 
“ ly ; the  oil,  being  lefs  tenacious,  will 
*s  keep  it  longer;  and  the  water,  being 
**  lefs  tenacious,  will  keep  it  longed ; but 
“ yet  will  lofe  it  in  a (hort  time.  Whence 
“ it  is  eafy  to  underftand,  that  if  many 
“ contiguous  vortices  of  melted  pitch, 

“ were  each  of  them  as  large,  as  fome 
“ fuppofe  to  revolve  about  the  fun  and 
“ fix’d  ftars  ; yet  thefe,  and  all  their 
parts,  would,  by  their  tenacity  and  fliff- 
€i  nefs,  communicate  their  motion  to  one 
another,  till  they  all  reded  among 
themfelves.  Vortices  of  oil,  or  water, 

“ or  fome  fluider  matter,  might  conti- 
nue  longer  in  motion;  but,  unlefs  that 
“ matter  were  void  of  all  tenacity,  and  at- 
“ trition  of  parts,  and  communication  of  * 
VOL.  II. 
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Physics,  of  motion  never  varies  ; but  to  me ’tis  not  evident  why  God’s  having  par- 

',/YV  ticular  ends,  tho’  fome  of  them  feem  to  require  a change  in  his  way  of 
a&ing  in  natural  things,  muff  be  more  inconfiftent  with  his  immutability, 
than  his  caufing  many  things,  decreed  from  eternity,  to  be  brought  to  pafs 
in  procefs  of  time.  And,  particularly,  it  lee  ms  not  clear,  why  God  may 
not  as  well  be  immutable,  thos  he  fhould  fometimes  vary  the  quantity  of 
motion  in  the  world  ; as  he  is,  tho’,  according  to  the  opinion  of  mod  Car - 
tefians , he  daily  creates  multitudes  of  a&uating  rational  fouls,  to  unite 
them  to  lifelefs  human  bodies.  I fay  not  this,  as  if  I abfolutely  reje&ed 
the  Cartefian  doctrine  about  the  continuance  of  the  fame  quantity  of  moti- 
on in  the  whole  mafsof  matter.  For  whether  that  be  true  or  not,  ’tis  no 
unufeful,  or  improbable  hypothefis ; and  I have  not  fo  much  argued  againft 
that,  as,  upon  the  fame  grounds  they  argue  for  it. 

To  come  then  to  the  thing  itfelfi  M.  Des  Cartes  objects,  that  ’tis  a 
prefumption  in  man  to  pretend  he  is  able  to  difcover  the  ends  that  the 
Omnifcient  propofed  to  himfelf  in  the  making  of  his  creatures.  Now  I 
confider,  by  way  of  anfwer,  that  there  are  two  very  different  ways, 
wherein  a man  may  pretend  to  know  the  ends  of  God  in  his  vifible  works  ; 
for  he  may  either  pretend  to  know  only  fome  of  God’s  ends  in  fome  of  his 
works,  or  he  may  pretend  to  know  all  his  ends.  He  who  prefumes  to 
difcover  God’s  ends,  in  this  latter  fenfe,  will  fcarce  be  excufed  from  a 
high  prefumption,  and  no  lefs  a degree  of  folly.  But  to  pretend  to  know 
God’s  ends,  in  the  former  fenfe,  is  no  prefumption  ; and,  to  take  notice 
of  them,  rathera  duty.  For  there  are  fome  things  in  nature,  fo  curioufly 
contrived,  and  fo  exquifitely  fitted  for  certain  operations  and  ufes,  that  it 
feems  little  lefs  than  blindnefs  in  him  who  acknowledges  a moft  wife  au- 
thor of  things,  not  to  conclude,  that  tho*  they  may,  perhaps,  have  been 
defign’d  for  other  ufes,  yet  they  were  alfo  defign’d  for  thefe.  Thus  he  who 
confiders  the  admirable  fabric  of  the  coats,  humours,  and  mufcles  of  the 
eye,  and  how  excellently  all  the  parts  are  adapted  to  compofe  an  organ  of 
vifion,  can  fcarce  help  confeffing,  that  the  author  of  nature  intended  it 
fhould  ferve  the  animal,  to  which  it  belongs,  to  fee  with.  The  Eficureans , 
indeed,  who  believe  the  world  to  have  been  produced  merely  by  a cafual 
concourfe  of  atoms,  may  have  a kind  ofexcufe,  which  other  philofophers, 
who  acknowledge  a deity,  want.  Thus,  the  very  fuppofition,  for  in- 
flance,  that  a man’s  eyes  were  made  by  chance,  argues,  that  they  need 
have  no  relation  to  a defigning  agent  and  the  ufe  that  a man  makes  of 
them,  may  be  either  cafual  too,  or  at  lead  an  effect  of  his  knowledge,  not 
of  nature’s.  But  when,  upon  the  anatomical  diffedtion,  and  the  optical 
confideration  of  this  p;  rt,  we  find  it  to  be  as  exquifitely  fitted  for  an  organ 
of  fight,  as  the  belt  artificer  could  have  framed  a little  engine,  purpofely 
defigo’dforthe  ufe  of  feeing  ; it  founds  very  harfh  to  fay,  that  an  artifi- 
cer, who  is  too  intelligent  to  do  things  by  chance,  or  to  make  a curious 
piece  of  work,  without  knowing  to  what  purpofe,  fhould  not  defign  it  for 
an  ufe  to  which  ’tis  wholly  adapted. 
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5Tis  poffible,  indeed,  he  may  have  defign’d  more  ufes  of  it  than  one  * 
and,  perhaps,  fuch  as  we  cannot  find  out : however,  among  its  feveral 
ufes,  this,  to  which  we  fee  it  fo  admirably  adapted,  lhould  be  thought 
one.  And  I fee  not  how  it  magnifies  God’s  wifdom,  or  exprefies  our  ve-  . 
neration  of  it,  to  exclude  from  the  number  of  his  ends,  in  framing  human 
eyes,  that  moft  obvious  and  ready  ufe,  which,  we  are  fure,  is  made  of 
them  ; and  which  they  could  not  be  better  fitted  for.  Thus,  fuppofe  a 
countryman,  brought  into  the  garden  of  a mathematician,  fhould  there  fee 
one  of  thofe  curious  gnom.onic  inftruments,  that  lhew,  at  once,  the  place  of 
the  fun  in  the  zodiac,  his  declination  from  the  equator,  the  day  of  the  month, 
the  length  of  the  day,  &c,  it  would,  indeed,  beprefumption  in  him,  whilft 
unacquainted  both  with  mathematics,  and  the  feveral  intentions  of  the 
artift,  to  pretend  himfelf  able  to  difcover  all  the  ends  for  which  fo  curious 
and  elaborate  a piece  was  framed  : but,  when  he  fees  it  furnifh’d  with  a 
ftile,  with  horary  lines,  with  numbers,  and,  in  fhort,  with  all  the  requi- 
fites  of  a fun-dial  ; and  manifeftly  perceives  the  fhadow  to  mark,  from 
time  to  time,  the  hour  of  theday;  ’twould  be  no  preemption  in  him  to 
conclude  it  a fun-dial  ; whatever  other  ufes  it  was  defign’d  for. 

And  I demand  of  thofe,  who  will  not  allow  that  any  natural  things 
are  directed  to  ends  knowable  by  men,  whether,  if  the  divine  author  of 
them  had  really  defign’d  them  for  fuch  ends,  the  things  themfelves  are  not 
fo  framed  and  directed,  as  in  that  cafe  they  ought  to  be  ? And  whether 
the  fabric  and  management  of  natural  things  do  really  countenance,  or 
contradict  our  fuppofition  ? 

For  my  part,  I confefs,  I think  it  no  difparagement  to  the  wifdom  of 
any  agent  whatfoever,  to  fuppofe  his  productions  defign’d  for  fuch  ends, 
among  others,  as  they  a re  excellently  fitted  for  ; unlefs  it  appear’d  that  fuch 
ends  were  unworthy  the  wife  agent.  But  that  cannot  be  juftly  faid  in  our 
cafe;  fince ’tis  not  injurious  to  the  divine  author  of  things,  to  believe 
that  fome  of  the  ends,  to  which  he  deftined  feveral  of  his  corporeal 
works,  were  to  exert  and  communicate  his  goodnefs ; and  to  receive  from 
his  intelligent  creatures  an  ardent  love,  a high  admiration,  and  an  obfe'- 
quious  gratitude  for  having  difplay’d  fo  much  wifdom  and  beneficence  in 
them. 

And,  indeed,  I cafi  by  no  means  afifent  to  the afiertion  of  Des  Cartes , 
that  none  of  God?s  ehds  in  his  corporeal  works  are  more  manifeft  than 
others,  but  that  all  of  them  lie  equally  hid  in  the  abyfs  of  the  divine  wif- 
dom *,  for  there  are  many  of  his  creatures,  forrie  of  whofe  ufes  are  fo 
manifeft  and  obvious,  that  the  generality  of  mankind  havC'in  all  ages,  and 
almoft  in  all  countries,  acknowledg’d  them.  And  as  to  what  he  adds, 
that,  in  phyfics,  all  things  ought  to  be  made  out  by  Certain  and  folid  rea- 
fons;  I anfwer,  firft,  that  I fee  not  how  God’s  defignifrg  fome  of  his 
works  for  particular  ufes,  among  ft  others,  isinconfifterttwith  the  phyfical 
accounts  of  their  creation.  Thus,  a man  may  give  a mechanical  reafon 
of  the  ftruCture  of  every  wheel,  and  other  part  of  a watch,  and  of  their 
way  of  aCting  upon  one  another,  when  rightlv  fet  together  *,  and,  in  fhort, 
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of  the  contrivance  and  phenomena  of  the  little  machine  ; tho5  hefuppofes 
that  the  artificer  defign’d  it  tofhew  the  hours  of  the  day,  and  tho*  he  has 
that  ufe  in  view,  whilft  he  explains  the  fabric  and  operations  of  the  watch. 
Secondly,  I readily  admit,  that,  in  phyfics,  we  fhould  ground  all  we  de- 
liver upon  as  folid  reafonsas  poffible;  but  there  is  no  neceffity  that  thofe 
reafons  fhould  be  always  precifely  phyfical,  efpecially  when  we  are  treating 
not  of  any  particular  phenomenon,  produced  according  to  the  courfe  of 
nature  eftablifhed  in  our  fyflem  ; but  of  the  firft  and  general  caufes  of  the 
world  itfelf : from  which  caufes,  I fee  not  why  the  final  ufes  that  appear 
manifeftly  to  have  been  defign’d,  fhould  be  excluded.  And  to  me  ’tis  not 
very  material,  whether  in  phyfics, -or  any  other  fcience,  a thing  be  prov’d  by 
the  peculiar  principles  of  that  fcience  ; provided  it  be  firmly  prov’d  by  the 
common  grounds  of  reafon.  And  here  let  me  obferve,  that  the  fundamen- 
tal tenets  of  Des  Cartes’s  own  philofophy,  are  not  prov’d  by  arguments 
ftriddy  phyfical  •,  but  either  by  metaphy  fical  ones,  the  more  general  di&ates 
of  reafon,  or  the  particular  teftimonies  of  experience.  Thus,  when,  for 
inftance,  he  truly  afcribes  to  God  all  the  motion  that  is  found  in  matter, 
and  confequently  all  the  phenomena  that  occur  in  the  world  ; he  proves  it 
not  by  a precife  phyfical  argument,  that  God,  who  is  an  immaterial 
agent,  is  the  efficient  caufe  of  motion  in  matter-,  but  only  hence,  that 
fince  motion  does  not  belong  to  the  effence  and  nature  of  matter,  matter 
mud  owe  its  motion  to  fome  other  Being  : and  then  ’tis  moft  agreeable  to 
common  reafon  to  infer,  that  fince  matter  cannot  move  itfelf,  but  mufl 
be  mov’d  by  fome  other  Being,  that  Being  is  immaterial ; fince,  otherwife, 
fome  matter  mufl,  contrary  to  the  hypothefis,  be  able  to  move  itfelf. 
And  when  Des  Cartes  attempts  to  demonftrate,  that  there  is  always  the 
fame  quantity  of  motion  in  the  univerfe  ; and,  confequently,  that  as  much 
motion  as  one  body  communicates  to  another,  it  lofes  itfelf  ; he  proves  it 
by  the  immutability  of  God,  which  is  not  a ftridt  phyfical  argument,  but 
rather  a metaphyfical  one  *,  as  he  had  before  prov’d,  that  God  was  the 
caufe  of  all  motion  in  matter,  not  by  principles  peculiar  to  phyfics,  but 
by  the  common  grounds  of  reafon.  / 

But  tho’  Des  Cartes  fpeaks  very  dogmatically  and  univerfally  againft 
mens  pretending  to  know  any  final  caufe  in  natural  things  \ yet  I have 
met  with  a pafiage  in  his  writings,  where  he  feems  to  fpeak  more  cau- 
tioufiy,  and  oppofes  their  opinion,  who  teach,  that  God  had  no  other  end 
in  making  the  world,  thanthatof  being  praifed  by  men.  His  words  are 
thefe.  “ ’Tis  felf-evident,  that  we  cannot  know  the  ends  of  God,  unlefs 
ct  he  reveals  them  to  us and  fuppofing  it  morally  true,  that  all  things 
“ were  made  to  the  end  that  we  fhould  praife  God  for  them  in  which  fenfe 
it  may  be  faid,  that  the  fun  was  made  to  give  us  light  ; yet  it  would  be 
“ very  childifh  and  abfurd  to  fay,  metaphyfically,  that  God,  like  a proud 
**  man,  had  no  other  end  in  making  the  world,  but  to  be  prais’d  by  men 
“ for  it  j and  that  the  fun,  which  is  vaftly  larger  than  the  earth,  was 
Cl  wholly  defign’d  to  give  uslight,  who  inhabit  but  a very  fmall  partofthe 
furfaceofthe  terraqueous  globe.”  Buthe,  at  the  fame  time,  delivers  two 
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or  three  other  things,  wherein  I cannot  acquiefce.  As,  firft,  that  rtis  felf-  Physics. 
evident,  we  cannot  know  the  ends  of  God,  unlefs  he  himfelf  reveals  them 
to  us.  For  what  he  here  fays  to  be  felf-evident,  is  not  fo  to  the  generality 
of  mankind,  or  even  of  philofophers  ; and  therefore  I think  it  ought  not 
to  be  barely  afferted,  but  prov’d.  In  the  next  place,  he  does  not  (hew  how 
we  are  obliged  to  praife  God  for  his  works,  if  God  had  no  intentions  that 
we  fhould  do  fo,  or  that  we  fhould  difcover  none  of  the  ends  for  which  he 
defign’d  them.  If  a judicious  man  fhould  fee  a book  written  in  fome  lan- 
guage which  he  is  an  utter  ftranger  to,  and  fhould  know  nothing  farther 
of  it  than  that  ’twas  compofed  by  a very  intelligent  phyfician  *,  he  might 
indeed  conclude,  that  it  was  not  written  by  chance ; but  could  not,  by  in- 
fpedting  the  book  itfelf,  be  convinced  that  it  was  form’d  with  great  skill 
and  kindnefs,  and  deferv’d  his  praife  and  thanks,  fince  he  was  unable  to 
know  any  of  the  particular  ends  to  which  the  feveral  chapters  of  it  were 
defign’d,  and  confequently  could  not  fee  how  well  they  were  fitted  to  an- 
fwer  fuch  ends.  What  Des  Carles  fays,  that  it  is  childifh  and  abfurd  to 
think  God  had  created  the  fun,  which  is  vaflly  bigger  than  the  earth,  only 
to  afford  light  to  a fmall  number  of  men,  is  fomewhat  invidioufly  pro- 
pos’d ; for  there  are  few  eminent  writers  who  confine  the  utility  of  the  fun; 
diredtly  to  its  affording  light  to  man:  and  the  fmall  bulk  of  mankind 
ought  not  to  make  it  feem  abfurd,  that  God  may  have  had  an  efpecial  eye 
to  their  welfare  in  framing  that  bright  globe ; fince  that  moft  excellent  ma- 
chine, the  human  body,  appears  to  be  a more  admirable  thing  than  the 
fun : befides,  the  rational  and  immortal  foul  that  refides  in  it,  is  incompa- 
rably more  noble  than  a thoufand  maffes  of  brute  unorganized  matter  can 
be  juftly  reputed.  And  fince,  in  this  very  difcourfe,  our  author  confeffes 
that  we  may  know  the  ends  of  God’s  corporeal  works,  if  he  reveal  them 
to  us  v a chriftian  philofopher  may  be  allow’d  to  think  the  fun  was  made, 
among  other  purpofes,  to  enlighten  the  earth,  and  for  the  ufe  of  man  ; 
fince  the  fcripture  teaches,  that  not  only  the  fun  and  moon,  but  the  flarsof 
the  firmament,  which  Des  Cartes , not  improbably,  thinks  to  be  fo  many 
funs,  were  made  to  give  light  to  the  earth,  and  were  divided  to  all  the  na- 
tions that  inhabit  it.  Perhaps  it  were  not  rafh  to  add,  that  we  may  know 
fome  of  God’s  ends  in  things  corporeal,  without  leffening  our  veneration  of 
his  wifdom,  as  we  know  fome  of  them  in  other  matters,  of  which  the  fcrip- 
ture furnifhes  us  with  a multitude  of  inftances ; as  particularly  Job* s facrifi- 
cing  for  his  friends,  and  the  declar’d  ufes  of  the  Urim  and  Thummim  : fince 
God  may,  if  he  pleafes,  declare  truths  to  men,  and  inftrudt  them  by  his  crea- 
tures and  adtions,  as  well  as  by  his  word.  And  thus  he  taught  Noah  by  a 
rain-bow, and  Jonah  by  a gourd  and  a worm,and  regulated  the  encampments 
of  the  Ifraelites  by  the  guidance  of  a cloud,  and  a fiery  pillar.  Laftly,  • 

Des  Cartes  objedts,  that  thofe  he  diffents  from  talk  as  if  they  look’d  upon  God 
as  a proud  man,  who  defign’d  his  works  only  to  be  praifed  for  them  *,  but 
I know  not  whether  he  herein  fpeaks  fo  cautioufiy  and  reverently  of  God, 
as  he  ought,  and  elfewhere  ufes  to  do.  For  as  humility,  tho’  a virtue  in  men. 
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is  extremely  remote  from  being  any  of  God’s  perfections-;  fo  that  may  be 
pride  in  a man,  who  is  but  a creature  imperfect,  dependant,  and  having 
nothing  of  his  own,  which  wou’d  be  none  at  all  in  the  creator,  who  is  in- 
capable of  vice,  and  who  may,  if  he  pleafes,  juftly  propofe  to  himfelf  his 
own  glory  for  one  of  his  ends,  and  both  require  and  delight  to  be  prais’d 
by  men  for  his  works  ; fince  he  is  moil  worthy  of  all  praife,  which  it  is 
their  duty  and  reafonable  fervice  to  pay  him. 

’Tis  not  without  concern  that  I find  my felf  obliged  thus  to  oppofe  fome 
fentiments  of  M.  Des  Cartes,  for  whom  I have  otherwife  a great  efteem  ; 
for  I am  not  at  all  of  their  mind  who  think  that  author  a favourer  of  athe- 
ifm,  which,  to  my  apprehenfion,  would  fubvert  the  very  foundation  of 
his  own  philofophy.  But  judging  that  his  doCtrine,  as  generally  under- 
flood,  as  to  the  rejection  of  final  caufes  from  the  confideration  of  philofo- 
phers,  tends  to  weaken  one  of  the  bell  and  moll  fuccefsful  arguments  for 
the  being  of  a God,  whom  they  ought  to  admire,  praife,  and  reverence  ; 
I think  it  my  duty  to  prefer  an  important  truth  before  my  refpeCt  to  any 
man,  how  eminent  foever,  who  oppofes  it ; and  to  confider  more  the  glory 
of  the  great  author  of  nature,  than  the  reputation  of  any  of  her  inter- 
preters. 

And  to  confirm  what  I have  hitherto  deliver’d,  ’tis  remarkable  that  the 
excellent  contrivance  of  the  great  fyftem  of  the  world,  and  efpecially  the 
curious  fabric  of  animal  bodies,  with  the  ufes  of  their  feveral  fenfes  and 
parts,  have  been  the  great  motives  which  in  all  ages  and  nations  induced 
philofophers  to  acknowledge  a Deity  ; and  that  the  noblelt  and  mod  intel- 
lectual praifes  have  been  paid  him  by  the  priefts  of  nature,  as  proceeding 
from  the  tranfcendent  admiration  rais’d  in  them  by  the  attentive  contem- 
plation of  the  fabric  of  the  univerfe,  and  of  the  curious  Itru&ures  of  liv- 
ing creatures.  And  therefore  it  feems  injurious  to  God,  as  well  as  unwar- 
rantable in  itfelf,  to  banifh  from  natural  philofophy  the  confideration  of 
final  caufes  ; from  which,  chiefly,  I cannot  but  fuppofe  that  God  mull  reap 
the  honour  due  to  thofe  glorious  attributes,  his  wifdom  and  his  goodnefs. 
And  I confefs  I fomewhat  wonder  that  the  Cartefians,  who  have  gene- 
rally, and  fome  of  them  with  skill,  maintain’d  the  exigence  of  a Deity, 
fhould  endeavour  to  make  men  throw  away  an  argument  which  the  expe- 
rience of  all  ages  fhews  to  have  been  the  mod  fuccefsful,  and  in  fome 
cafes  the  only  prevalent  one,  to  eftablifh  among  philofophers  the  belief  and 
veneration  of  God.  I know  the  Cartefians  fay,  that  their  mailer  has  de- 
monftrated  the  exiftence  of  a God,  by  the  innate  idea  men  have  of  a 
Being  infinitely  perfect,  who  left  it  upon  the  human  mind  as  the  mark  of 
an  artift  imprefs’d  upon  his  work  ; and  that  they  alfo  afcribe  to  God  the 
creation  of  matter  out  of  nothing,  and  its  motion;  which  fufficiently  argue 
the  immenfity  of  his  power.  But  tho’  1 would  by  no  means  weaken  the 
argument  drawn  from  the  innate  notion  of  God,  fince  many  learned  men 
have  acquiefced  in  it  ; yet  why  may  we  not  reafonably  think  that  God, 
who  has  taken  care  men  Ihould  acknowledge  him,  may  have  alfo  provided 
for  the  fecuring  a truth  of  fo  great  confequence,  by  {tamping  characters,  or 
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leaving  imprefllons  of  his  wifdom  and  goodnefs,  as  well  externally  upon Ptf  ystcs. 
the  world,  as  internally  upon  the  mind  ? The  bare  contemplation  of  th z 
fabric  of  the  world,  without  confidering  any  part  of  it  as  deftin’d  to  cer- 
tain ufes,  may  (till  leave  men  unconvinced  that  there  is  any  intelligent, 
wife,  and  provident  author  and  difpofer  of  things  *,  fince  we  fee  the  Arifto- 
telians , notwithftanding  the  extent,  fymmetry,  and  beauty  of  the  world, 
generally  believed  it  to  have  been  eternal.  And  tho*  they  did  not  allow  it 
to  have  been  created  by  God,  yet  becaufe  they  aflerted  that  animals,  plants, 
a<ft  for  ends  ; they  were  obliged  to  acknowledge  a provident  and  pow- 
erful Being,  that  maintain’d  and  govern’d  the  univerfe,  which  they  call’d 
Nature  •,  tho’  they  often  dangeroufly  miftook,  by  confounding  this  Being 
with  God  himfelf ; and  at  other  times  fpeaking  of  ic  as  co-ordinate  with 
him  ; as  in  that  famous  axiom  of  Arijlotle , “ God  and  natu-re  do  nothing 
“ in  vain.”  I acknowledge,  therefore,  that  as  I fet  a juft  value  upon  the 
Cartefian  proof  of  God’s  exiftence  j fo  I fee  no  reafon  why  we  fhould  give 
up  any  other  ftrong  argument,  that  proves  fo  noble  and  important  a truth  ; 
especially  fince  the  Cartefian  way  of  confidering  the  world,  tho’  very  pro- 
per, indeed,  to  Ihew  the  greatnefs  of  God’s  power,  does  not,  like  the 
way  I plead  for,  manifeft  that  of  his  wifdom  and  beneficence.  For  while 
a Cartefian  only  ftiews  that  God  is  admirably  wife,  upon  the  fuppofition  of 
his  exiftence  ; the  fame  thing  is  manifefted  in  our  method,  by  the  effedt  of 
a wifdom  as  well  as  power,  that  cannot  reafonably  be  afcribed  to  any  other 
than  a moft  intelligent  and  potent  Being  : fo  that  by  this  means  men  may 
at  once  be  brought  to  acknowledge  God,  to  admire  him,  and  to  praife 
him. 

SECT.  II, 

BEFORE  I proceed  to  the  fecond  queftion,  Whether  we  may  con-  whether  final 
fider  final  caufes  in  all  forts  of  bodies,  or  only  in  fuch  as  are  peculi-  caufes  are  to 
arly  qualified?  I muft  divide  natural  bodies  into  animate  and  inanimate. be^peaed in 
The  former  term  I here  take  in  the  larger  fenfe,  to  comprehend  not  only ff^rticuUf 
animals,  but  vegetables  ; tho’  I fhall  not  rejedl  the  opinion  of  thofe  who^^  ? 
are  unwilling  to  allow  plants  fuch  a foul  or  life,  as  is  confefledly  granted  to 
animals. 

Of  the  inanimate  bodies  of  the  univerfe,  the  nobleft,  and  thofe  which 
chiefly  deferve  to  be  confider’d  on  this  occafion,  are  the  fun,  planets,  &V. 

For  when  men  faw  thofe  vaft  luminous  globes,  and  efpecially  the  fun,  to 
move  foconftantly  and  regularly  about  the  earth,  diflufing  thereon  both  light 
and  heat,  and  by  their  various  revolutions  to  produce  day  and  night,  fummer 
and  winter,  and  the  viciflitudes  of  feafons  ; they  concluded  thatthefe  mo- 
tions were  guided  by  fome  divine  Being,  and  defign’d  for  the  benefit  of  man. 

Whether  this  be  a demonftrative  proof,  I fhall  not  now  debate  ; but  furely 
it  may  carry  thus  much  of  probability  with  it,  that  in  cafe  a man  fhall 
think  the  fabric  of  the  celeftial  bodies  was  the  produdtion  of  an  intelligent 
and  divine  agent,  the  irregular  phenomena  will  not  contradid  him  j fince 
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there  is  nothing  in  that  fabric  unworthy  a divine  author:  and  the  motions 
and  effedts  of  the  fun  and  ftars  may  well  allow  us  to  think,  that,  among  o- 
ther  purpofes,  they  were  made  to  illuminate  the  terreftrial  globe,  and  bring 
heat  and  other  benefits  to  the  inhabitants  of  it.  So  that  the  contemplation 
of  the  heavens,  which  fo  manifeftly  declare  the  glory  of  God,  may  juftly 
excite  men  both  to  admire  his  power  and  wifdom  in  them  \ and  to  return 
him  thanks  and  praifes  for  the  great  advantages  we  thence  receive.  On  the 
other  hand,  it  may  be  faid,  that  in  bodies  inanimate,  whether  the  por- 
tions of  matter  they  confift  of  be  greater  or  lefs,  the  contrivance  is  very 
rarely  fo  exquifite,  but  that  the  various  motions  and  occurfions  of  their 
parts  may,  without  much  improbability,  be  fufpedted  capable,  after  many 
drays,  to  call  one  another  into  feveralof  thofe  circumvolutions  call’d  by 
Epicurus  and  by  Des  Cartes , Vortices  * **,  which  being  once  made, 

may  continue  a long  time,  after  the  manner  explain’d  by  the  latter.  But 
allowing  this  hypothefis  to  be  pofiible  ; when  I confider  that  we  are  not 
yet  fufficiently  acquainted  with  the  true  fyftem  of  the  world,  norufually 
fenfible  how  fmall  a part  the  terreftrial  globe  makes  of  the  univerfe  *,  I am 
apt  to  fufpeft,  that  men  often  afiign  the  fyftematical  ends  and  ufes  of  the 
celeftial  bodies  upon  (lender  evidence  *,  concluding  them  made  and  moved 
only  for  the  fervice  of  the  earth,  and  its  inhabitants.  And  tho’  I will  not 
deny  that  as  we  a&ually  receive  benefits  by  the  eftablifhed  order  and  motion 
of  the  heavenly  bodies,  fo  one  of  the  feveral  ufes  intended  by  the  author  of 
nature,  may  particularly  regard  our  fpecies  ; yet  perhaps  ’twill  not  be 
eafy  to  prove,  that  fome  of  thofe  bodies  and  motions  are  not  rather  intend- 
ed for  other  purpofes,  than  to  caft  their  beams,  or  (hed  their  influences 
upon  the  earth : at  lead,  it  feems  probable  to  me,  that  the  fituations  of 
the  celeftial  bodies  do  not  afford,  by  far,  fo  clear  and  cogent  arguments 
of  the  wifdom  and  defign  of  the  author  of  the  world*,  as  do  the  bodies 
of  animals  and  plants.  And  for  my  part,  I think  I fee  more  of  admirable 
contrivance  in  the  mufcles  of  a human  body,  than  in  what  we  yet  know  of 
the  aftronomical  world:  and  the  eye  of  a fly,  as  far  as  appears  to  us, 
feems  to  be  a more  curious  piece  of  workmanfhip,  than  the  body  of  the 
funitfelf.  3 


* As  a noble  indance  of  wifdom  and  de- 
fign in  the  fituation  of  the  planets,  take  an 
©bfervation  of  the  great  Sir  Ifaac  Newton . 
“ Thofe  planets,  fayshe,  have  th£  greater 
“ denfity,  cater  is  paribus,  whic(l  are  pla- 
“ ced  neared  the  fun.  Thus  Jupiter  is 
“ more  denfe  than  Saturn , and  the  earth 
“ more  denfe  than  Jupiter.  For  it  was 
“ necefiary  to  place  the  planets  at  different 
“ didances  from  the  fun,  that  each  might 
“ receive  a greater  or  a lefs  degree  of  his 
“ heat,  according  to  its  denfity.  If  our 
earth  were  placed  in  the  orbit  of  Saturn , 

**  the  water  of  it  would  be  frozen  up  ; and 


“ if  in  the  orbit  of  Mercury , ’twould  pre- 
“ fently  exhale  in  vapour.  For  the  fun’s 
“ light,  to  which  his  heat  is  proportionable, 
“ is  feven  times  more  denfe  in  the  orbit  of 
“ Mercury , than  with  us ; and  I have 
“ found,  by  the  thermometer,  that  water 
“ will  boil  with  a heat  feven  times  as  great 
“ as  that  of  the  fummer’s  fun.  But  the 
“ matter  of  Mercury  is,  doubtlefs,  fitted  for 
“ heat;  and  therefore  mud  be  denferthan 
“ that  of  our  earth  : dnee  all  denfe  matter 
“ requires  a greater  degree  of  heat,  to  per- 
“ form  the  operations  of  nature.”  New- 
ton. Princip.  p.  372. 
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As  for  other  inanimate  bodies,  the  matter  whereof  feems  unorganiz’d.  Physics. 
tho’  there  be  no  abfurdity  ini  fuppofing  that  thefe  v/ere  alfo  made  for  didinft 
and  particular  purpofes,  if  not  alfo  for  human  ufes ; yet  moft  of  them  are 
of  fuch  eafy  and  unelaborate  textures,  as  to  make  it  feem  pofTible  that  va- 
rious occurfions  and  judlings  of  the  parts  of  theuniverfal  matter  might,  at 
one  time  or  other,  have  produced  them  : fince  we  fee  that  in  fame  chy- 
mical  fublimations  and  crydallizations  of  mineral  and  metalline  folutions, 
and  other  phenomena,  where  the  motions  appear  not  to  be  particularly 
guided  and  directed  by  an  intelligent  caufe,  bodies  of  as  various  textures 
as  thofe  are  producible. 

If  it  be  faid,  that  fuppofing  chance,  or  any  thing  elfe,  without  the  par- 
ticular guidance  of  a wife  and  all-difpofing  caufe,  can  make  a finely  fhaped 
Hone,  or  a metalline  fubftance,  growing,  as  filver  fometimes  does,  in  the 
form  of  a plant ; ought  we  not  to  allow  that  chance  may  alfo  make  vege- 
tables and  animals  ? I can  by  no  means  grant  the  confequence.  For  there 
are  fome  ededts  fo  eafy,  and  readily  to  be  produced,  that  they  do  not  infer 
any  knowledge  or  intention  in  their  caufes  ; whild  there  are  others  that  re- 
quire fuch  a number  and  conjunction  of  confpiring  caufes,  and  fuch  a con- 
tinued feries  of  motions  or  operations,  that  ’tis  utterly  improbable  they 
fhould  be  produced  without  the  fuperintendency  of  a rational  agent,  wife 
and  powerful  enough  to  range  and  difpofe  the  feveral  intervening  materials 
and  indruments,  in  a manner  neceflary  to  produce  fuch  a remote  effect:  it 
will  not  therefore  follow*  that  if  chance  could  produce  a flight  contexture 
in  a few  parts  of  matter,  we  may  fafely  conclude  it  able  to  produce  fo  ex- 
quifite  and  admirable  a contrivance,  as  that  of  the  body  of  an  animal. 

What  does  it  argue  then,  if  fometimes,  in  fawing  pieces  of  variegated 
marble,  we  happen  to  meet  with  the  delineations  or  pictures  of  towns, 
woods,  and  men  ? For,  befides  that  the  delightfulnefs  and  rarity  of  fuch 
fpedtacles  inclines  the  imagination  to  favour  them,  and  to  fupply  their  de- 
fects *,  would  any  wife  man  conclude  from  hence,  that  a real  town  or  wood, 
much  lefs  numbers  of  men,  fhould  be  made  by  fuch  a fortuitous  concourfe 
of  matter?  What  comparifon  is  there  betwixt  the  workmanfhip  that 
feems  to  be  exprefs’d  in  a few  irregular  lines,  drawn  upon  a plane,  with 
perhaps  two  or  three  colours  luckily  placed,  and  the  great  multitude  of 
nerves,  veins,  arteries,  ligaments,  tendons,  membranes,  bones,  glands, 

&c.  required  to  compofe  a human  body  ; every  one  of  the  numerous  parts 
whereof  muff  have  its  determinate  fize,  figure,  confidence,  fituation, 
connexion,  &c.  and  many,  or  all  of  them  together,  confpire  to  exercife 
and  perform  determinate  functions  and  ufes?  And  indeed  I never  faw  any 
inanimate  production  of  nature,  or,  as  they  fpeak,  of  chance,  whofe 
contrivance  was  comparable  to  that  of  the  meaneft  limb  of  the  mod  defpi- 
cable  animal ; nay,  there  is  infinitely  more  art  exprefs’d  in  the  ftrudlure  of  Evident  marks 
a dog’s  foot,  than  in  that  of  the  famous  clock  at  Strasburg . of  defignin  the 

And  tho’  the  paw  of  a dog  be  far  inferior  in  its  dructure  to  the  hand  of figure yf  the 
a man,  yet  even  this  is  inconfiderable,  if  compared  to  the  eye  *,  the  feveral  ^aluTo/ant 
Vol,  II,  y parts  vtalsl 
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parts  whereof,  how  numerous  foever,  could  none  of  them  be  fpared  or 
alter’d,  unlefs  for  the  worfe  ; as  may  appear  from  thofe  many  difeafes  ob- 
serv'd in  that  fmall  admirable  organ  : for  each  of  thofe  difeafes  con  fills  in 
this,  that  the  humours,  or  other  parts  of  the  eye,  are  brought  to  a Hate 
different  from  that  whereto  nature  had  defign’d  it.  ’Twould  be  tedious 
to  enumerate  the  feveral  diftempers  of  the  eye;  wherefore  I fhall  only 
mention  two  or  three  particulars,  wherein  one  would  fcarce  imagine  that 
a fmall  recefs  from  the  natural  ftate  could  bring  any  confiderable  or  fen- 
fire inconvenience.  That  which  we  call  the  pupil,  is  not  a fubftantial 
part  of  the  eye,  but  only  an  aperture  of  the  uvea  ; almoft  perpetually 
changing  its  bignefs,  according  to  the  different  degrees  of  light  the  eye 
chances  to  be  expofed  to.  And  therefore,  it  fhould  feem,  that  whilft  this 
hole  remains  open,  it  performs  its  office,  by  giving  entrance  to  the  inci- 
dent rays  of  light.  And  yet  I lately  faw  a woman,  who,  after  a fever, 
was  not  able  to  dilate  the  Pupllce  of  her  eyes,  as  before  ; and  tho*  they 
were  but  very  little  narrower  than  ordinary,  yetffie  complain’d  fhe  had 
thereby  almoft  loft  her  fight.  The  preternatural  conftridion  of  the  pupil 
is  indeed  no  frequent  diftemper  ; yetphyficians  have  given  it  a place  among 
the  ftated  difeafes  of  the  eye.  And,  on  the  other  fide,  tho*  a competent 
widenefs  of  the  pupil  be  requifite  to  a clear  and  diftind  vifion  ; yet  if  its 
dilatation  exceeds  the  due  limits,  there  is  thereby  produced  a diftemper 
worfe  than  the  former  ; becaufe  it  often  almoft  totally  deprives  the  patient 
of  fight.  It  may  feem  alfo  but  a flight  circumftance,  that  the  tranfparent 
coats  of  the  eye  ffiould  be  devoid  of  colour  •,  and  of  as  little  moment,  that 
the  cornea  ffiould  be  very  fmooth,  provided  it  remain  tranfparent : yet 
when  either  of  thefe  circumftances  is  wanting,  the  fight  may  be  greatly  vi- 
tiated. Thus  we  fee,  that  in  the  yellow  jaundice,  the  adventitious  colour 
wherewith  the  eye  is  ting’d,  makes  the  patient  think  he  fees  many  objeds 
yellow,  which  are  of  a contrary  colour.  And  I know  a gentleman,  who 
having  had  a fmall  puftule  excited  and  broken  upon  the  cornea,  tho*  the 
eye  has  long  been  cicatriz’d  ; yet  a very  little  inequality  or  depreffion, 
that  ftill  remains  upon  the  furface  of  that  tranfparent  coat,  fo  affeds  him, 
that  when  he  comes  into  the  open  fields,  or  the  ftreets,  he  for  a pretty  while 
thinks  he  fees  objeds  very  glaring,  and  as  many  others  as  men  ufually  do 
Hones  at  the  bottom  of  clear  water : which  I impute  to  the  want  of  uni- 
formity in  the  refradion  of  thofe  refleded  rays  of  light,  that  fall  upon  the 
unequal  furface  of  the  cornea.  To  give  a further  proof,  that  the  eye  was 
made  with  defign,  I fhall  here  take  notice  of  an  obfervation  or  two,  that 
do  not  occur  in  the  difiedion  of  that  part,  and  are  therefore  often  unobfer- 
ved  by  anatomifts. 

I have  found  in  frogs,  that,  befides  thofe  parts  of  the  eye  which  they 
have  in  common  with  men,  dogs,  cats,  and  mod  other  animals,  there  is 
a peculiar  membrane  or  cartilage,  which  is  not  commonly  perceiv’d  ; 
wherewith  they  can  at  pleafure  cover  the  eye,  without  too  much 
hindering  the  fight,  becaufe  the  membrane  is  both  tranfparent  and  ftrong; 
fo  that  it  may  pafs  for  a kind  of  moveable  cornea,  or  occafional  fafe-guard 

to 
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to  the  eye.  In  furnifhing  frogs  with  this  ftrong  membrane,  the  providence  Ph  ysi es. 
of  nature  feems  very  confpicuous  ; for,  they  being  amphibious  creatures, 
defign’d  to  pafs  their  Jives  in  watery  places,  which,  for  the  mod  part, 
abound  in  plants,  endow’d  with  fharp  edges,  or  points ; and  the  progref- 
five  motion  of  thisanima],  being  not  by  walking,  but  by  leaping,  if  his 
eyes  were  not  provided  with  fuch  a cafe,  he  muft  either  fhut  them,  and  fo 
leap  blind-fold  ; or,  by  leaving  them  open,  muft  run  the  risk  of  having 
the  cornea  cut,  prick’d,  orotherwife  offended;  whilft  this  membrane,  as 
was  faid,  is  like  a kind  of  fpedtacle,  that  covers  the  eye,  without  taking 
away  the  fight : and  as  Toon  as  the  occafion  for  it  is  over,  theanimal  with- 
draws it  into  a little  cell,  where  it  refts  till  its  ufe  be  again  required.  This 
membrane  becomes  vifible,  by  applying  the  point  of  a pin,  or  any  fuch 
fharp  thing,  to  the  eye  of  a frpg,  whilft  his  head  is  held  fteady;  for  to 
fcreen  his  eye,  he  will  prefendy  cover  it  therewith,  and  afterwards  with- 
draw it,  upon  a removal  of  the  fufpedted  danger.  And  becaufe  many 
birds  are  deftin’d  to  fly  among  the  branches  of  trees,  and  bufhes ; left, 
by  this  means,  the  prickles,  twigs,  leaves,  fhould  wound  or  offend 
their  eyes,  nature  hath  alfo  given  them  fuch  another  kind  of  horny  mem- 
brane, as  we  find  in  frogs. 

’Tis  known  that  men,  and  m oft  four-footed  beafts,  and  birds,  have  fe- 
veral  mufcles  belonging  to  their  eyes,  by  the  help  of  which,  they  can  turn 
them  any  way  ; and  fo obvert  the  organ  of  fenfe  to* the  objedt.  But  na- 
ture, not  having  given  that  mobility  to  the  eyes  of  flies,  fhe,  inrecompence, 
furnifhes  them  with  a multitude  of  little  protuberant  parts,  finely  rang’d 
upon  the  convex  of  their  large  bulging  eyes  : fo  that  by  means  of  thefe 
numerous  little  ftuds,  numberlefs  rays  of  light  are  refledted  from  objects  pla- 
ced on  either  hand,  above  or  beneath  the  level  of  the  eye,  and  conl'equently 
fall  upon  that  organ,  to  render  the  objedts  they  come  from,  vifible  to  the 
animal  ; and  by  the  help  of  a good  microfcope,  and  a clear  light,  fome 
hundreds  of  thefe  little  round  protuberances  may  be  difcover’d,  curioufly 
rang’d,  on  the  convexity  of  a Angle  eye  of  an  ordinary  flefh-fly. 

But  fome  may  here  pretend,  that  all  organs  of  fight  oughc  to  be  con- 
form’d to  thofeof  men;  thefe  being  the  beft  and  moft  perfedt.  And, 
indeed,  man  being  juftly  reputed  the  moft  perfedt  of  animals,  it  is  not 
ftrange  he  fhould  prefume,  that  his  eyes,  and  other  parts  of  his  body,  are 
the  beft  contriv’d  of  any  to  be  found  in  nature  ; yet  we  cannot,  from  hence, 
fafely  conclude,  that  all  eyes,  which,  in  other  animals,  are  of  different  ftru- 
dturesfrom  thofe  of  man,  fhould,  for  that  reafon,  be  defedtive.  For, 
firft,  the  admirable  wifdom  difplay’d  by  the  author  of  nature,  in  fitting  the 
eyes,  and  other  organical  parts  of  animals,  to  their  feveral  ufes,  and  the 
refpedtive  fundtions  we  fee  them  exercife,  may  juftly  perfuade  us,  that  the 
things  whofe  reafons  and  ufes  we  do  not  alike  difcern,  are,  neverthelefs, 
moft  wifely  conftituted : God  having  too  much  knowledge  to  do  any  thing 
unskilfully ; and  we  having  too  much  prefumption,  if  we  fuppofe  he  had  no 
ends  in  framing  his  creatures  beyond  the  reach  of  our  difcovery.  And, 
fecondly,  the  eye  is  not  to  be  confider’d  abftradtedly,  as  an  inftrument  of 
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Physics,  vifion  •,  but  as  an  inftrument  belonging  to  an  animal,  that  is  to  make  ufe  of 
it  in  particular  circumftances.  And  therefore  it  ought  highly  to  recom- 
mend the  wifdom  and  providence  of  the  great  author  of  things,  that  he 
has  furnifli’d  various  fpecies  of  animals  with  organs  of  fight,  very  differ- 
ently framed  and  placed  * fince  this  diverfity  nobly  manifefts  his  great  pro- 
vidence and  knowledge,  in  having  fo  admirably  fuited  the  eyes  of  all  ani- 
mals, both  to  the  reft  of  their  bodies,  and  to  thofe  parts  of  the  great  the- 
atre of  the  world,  on  which  he  defign’d  they  fhall  live  and  aft.  Thus* 
tho’  feveral  beafts,  as  horfes,  oxen,  &c.  have  their  eyes  furnifh’d  with  a 
feventh  mufcle,  beftdes  the  fix  they  fhare  in  common  with  men  ; we  muft 
not  conclude  that  either  the  organs  of  vifion  are  imperfect  in  men,  or  that 
thofe  of  thefe  beafts  have  fomething  fuperfluous  r for  they  being  to  feed, 
for  the  moft  part,  on  the  grafs  of  the  field  ; and  that  they  may  the  better 
chufe  their  food,  being  obliged  to  turn  their  eyes,  for  a Jong  time  toge- 
ther, downwards  ; the  feventh  mufcle  excellently  ferves  them  for  that  pur- 
pofe,  by  enabling  them  to  continue  unwearied  by  fuch  a pofture  ; whilft 
man,  who  has  no  fuch  neceffity  of  looking  affiduoufly  downwards,  would 
be  only  incumber’d  by  a feventh  mufcle. 

On  the  other  hand,  the  deficiency  obfervable  in  the  eyes  of  fome  ani- 
mals, compared  to  thofe  of  man,  may  be  afcribed  to  the  juft  contrivance 
of  nature,  that,  on  moft  occafions,  declines  doing  what  is  unneceflfary  to 
the  particular  ends  fhe  aims  at  in  the  fabric  of  a part.  Thus  moles,  be- 
ing deftin’d  to  live,  for  the  moft  part,  under  ground,  have  their  eyes  fo 
little,  in  proportion  to  their  bodies,  that  ’tis  commonly  believ’d  they  have 
none  at  all  ; but  tho’  I have  found  the  contrary,  yet  their  eyes  are  very 
different  from  thofe  of  other  four-footed  beafts  ; which  need  not  be  won- 
der’d at,  confidering  that  nature  defign’d  thefe  creatures  to  live  under 
ground,  where  fight  is  of  no  ufe,  and  where  large  eyes  would  be  more  ex- 
pos’d to  danger  *,  befides,  their  fight,  as  dim  as  it  is,  ferves  them  to  per- 
ceive when  they  are  no  longer  under  ground  •,  which  feems  to  be  the  moft 
necefiary  intelligence  they  want  from  their  eyes. 

’Tis  obferved,  that  the  organs  of  vifion  in  a camelion  are  of  a very  un- 
common ftrufture,  fince,  to  omit  other  confiderable  peculiarities,  his  eyes 
often  move  independently  on  each  other  •,  fo  that,  for  inftance,  he  can  look 
dire6tly  forward  with  the  right  eye,  and  at  the  fame  time  direftly  back- 
ward, towards  his  tail,  with  the  left ; or  may  turn  the  pupil  of  the  former 
ftrait  upwards,  whilft  the  other  is  turn’d  diredly  downwards.  This  pecu- 
liar power  feems  to  have  been  granted  him  by  providence,  that  as  he  is  a 
very  low  animal,  and  deftin’d  to  live,  for  the  moft  part,  in  trees  and 
bufhes,  and  thereto  feed  chiefly  on  flies;  he  may  perceive  them,  which 
way  foever  they  chance  to  come,  within  the  reach  of  his  tongue,  which, 
being  of  a great  length,  he  fuddenly  darts  out,  and  therewith  catches  his 
prey. 

Many  fifli  have  the  cryftalline  humour  of  their  eyes  almoft  fpherical, 
and  confequently  much  rounder  than  it  is  found  in  man,  and  other  terre- 
ftrial  animals.  And  this  difference  of  figure,  tho’  it  would  be  inconvenient 
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for  us,  is  very  well  accommodated  to  them  ; fince  they,  living  in  the  wa-  Physics. 
ter,  which,  as  a thicker  medium,  much  more  refra&s  the  rays  of  light  than 
the  air,  thro’  which  they  pafs  to  our  eyes  *,  ’twas  fit  their  cryfialline  hu- 
mour fhould  be  of  that  figure,  to  refract  the  rays  already  refra&ed  by  the 
water,  and  thereby  make  them  converge,  fo  as  to  paint  the  images  of  ob- 
jects at  the  bottom  of  the  eye. 

Should  a perfon  of  curiofity  furvey  and  confider  the  various  flrudlures 
of  the  organs  of  vifion,  in  different  animals,  and  compare  them  with  the 
other  parts  of  the  refpe&ive  animal  •,  the  fcene  he  is  defign’d  to  ad  on, 
and  the  ufes  each  of  them  is  to  make  of  his  eyes,  in  the  moft  ordinary  cir- 
cumflances ; he  might,  doubtlefs,  offer  a probable  reafon  of  the  differ- 
ences in  thofe  organs,  which,  to  a common  obferver,  would  feem  to  be 
errors,  or  defeds  in  nature.  Thus,  tho’  the  pupil  of  the  eye  be  oblong  in 
horfes,  oxen,  and  fome  other  quadrupeds,  as  well  as  in  cats ; yet,  in  the 
former  kinds  of  animals,  it  lies  tranfverfly  from  the  right  fide  of  the  eye 
to  the  left,  whilfl  in  cats  its  fituation  is  perpendicular  ; for  horfes  and  oxen, 
being  ufually  obliged  to  find  their  food  on  the  ground,  they  the  more  con- 
veniently receive  the  images  of  the  grafs,  &V.  in  a horizontal  view,  by 
having  their  Pupillce  tranfverfly  placed  ; whilfl  cats,  being  to  live  chiefly 
on  rats  and  mice,  which  are  animals  that  ufually  climb,  and  run  upon 
fleep  places  ; the  moft  commodious  fituation  of  their  pupil,  for  difcover- 
ing  and  purfuing  thefe  objeds,  is  the  perpendicular.  But,  to  proceed : 
the  different  flrudlures,  and  fituations  of  the  eye,  indifferent  animals, 
wonderfully  fhew  a great  variety  in  the  skill  of  the  divine  author.  And, 
indeed,  if  I might  prefume  to  guefs  at  any  of  God’s  ends,  that  are  not 
manifefl  ; 1 fhould  think  that  the  delightful  variety,  we  may  obferve,  not 
only  in  animals  themfelves,  confider’d  as  entire  fyflems  ; but  in  thofe  parts, 
of  them  which  appear  deflin’d  for  the  fame  fundion  ; as  particularly,  that 
the  organ  of  vifion  was  defign’d,  at  lead,  among  other  ends,  to  difplay  the 
great  creator’s  manifold  wifdom,  and  to  fhew  that  his  skill  is  not  confined 
either  to  one  fort  of  living  engines,  or  in  their  parts  of  the  fame  kind,  to 
the  fame  contrivance  ; but  is  able  to  make  a multitude  of  furprizing  or- 
gans, all  of  them  curious,  and  exquifite  in  their  kind,  with  regard  to 
their  different  ufes. 

To  be  able  to  frame  clocks  and  watches,  fhips,  mills,  &c.  manifefts  a 
far  greater  skill  in  an  artificer,  than  the  power  of  making  but  one  of  thofe 
engines,  how  perfedly  foever  he  contriv’d  it.  And  the  fame  fuperiority 
of  knowledge  would  be  difplay ’d,  by  contriving  engines  of  the  fame  kind, 
or  for  the  fame  purpofes,  after  very  different  manners. 

Thus  weights  are  of  great  ufe  and  neceflity  in  the  famous  clock  of  Straf- 
burg  *,  and  therefore  it  recommends  the  contrivers  of  watches,  that  they  give 
them  a very  little  and  portable  bulk,  which  is  wanting  in  the  Strasburg  ma- 
chine ; and  flill  more,  that  they  can  make  a clock  without  weights,  and 
fubftitute  a fpring  to  perform  their  office. 

And  thus  tho’  it  feems  abfolutely  neceffary  that  an  animal  fhould  be  fur- 
nifh’dwith  feathers  in  order  to  fly,  yet  the  wife  creator  hath  fhewn,  that  he  is 
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not  confined  to  apply  them  for  that  purpofe  ; fince  a flying-fifh  is  able  to 
move  a great  way  in  the  air.  And  the  Indies  have  lately  afforded  a fort 
of  flying  fquirrels,  one  whereof  I faw,  alive,  at  Whitehall,  And  tho*  the 
flight  of  thefe  is  fmall,  yet  there  is  another  kind  of  animal,  without  fea- 
thers, that  long  continues  upon  the  wing,  and  that  is  the  bat ; fome  whereof 
I have  feen  but  little  lefs  than  hens:  and  was  affur’d,  by  a credible  eye- 
witnefs,  that,  in  the  kingdom  of  Golconda , he  had  feen  much  bigger. 

This  confideration  is  alone  fufficient  to  juftify  the  wifdom  of  the  ere- 
ator  ; who,  being  a moft  free,  as  well  as  a molt  wife  agent,  men  ought 
not  to  find  fault,  if  he  think  fit  to  recommend  his  wifdom,  by  difplaying 
it  in  very  different  manners : tho*  there  are  many  cafes  wherein  the  lefs 
perfedt  fabric,  or  fituation,  of  an  eye,  or  other  organical  part,  may  be  more 
convenient  than  the  correfpondent  organ  of  man,  to  obtain  the  ends  for 
which  it  was  given  to  an  animal  defign’d  to  a£t  upon  its  refpe&ive  ftage, 
and  live  by  its  peculiar  provifion.  Befides,  an  organical  part  may,  in 
fome  animals,  be  intended  for  more  ufes  than  in  others  ; and,  therefore, 
require  a different  ftrudture : as,  in  moles,  the  feet  are  differently  framed, 
or  fituated,  from  thofe  of  other  quadrupeds  ; becaufe  the  chief  ufe  they 
are  to  make  of  them,  is  not  to  walk  upon  the  ground,  but  to  dig  them- 
felves  ways  under  it ; provident  nature  wifely  fuiting  the  fabric  of  the 
parts  to  the  ufes  wherein  they  were  to  be  employ’d  : as,  a mechanic  em- 
ploys one  contrivance  of  his  wheels,  pinions,  &V.  when  he  makes  a mill  to 
be  driven  by  water ; and  another,  when  it  is  to  be  mov’d  by  the  wind. 
The  camelion  has  a tongue,  both  peculiarly  fhaped,  and  of  a length  dif- 
proportionate  to  that  of  his  body  •,  becaufe,  as  we  before  obferved,  he  is 
to  take  his  prey,  which  are  flies,  by  (hooting  out  that  inftrument  •,  and 
could  not  often,  otherwife,  approach  very  near  them,  without  frighting 
them  away.  And,  in  many  cafes,  where  this  reflt  dlion  does  not  fo  pro- 
perly take  place,  we  may  obferve,  there  is  a wonderful  compenfation 
made  for  that  which  feems  a defeat  in  the  parts  of  an  animal,  of  a par- 
ticular fpecies,  compar’d  with  the  correfpondent  ones  of  an  animal  of 
fome  other  fpecies.  Thus  birds,  which  want  teeth  to  chew  their  food, 
are  not  only  furnifh’d  with  hard  bills  to  break  it;  and,  birds  of  prey, 
with  crooked  ones  to  tear  it  ; but,  which  is  more  confiderable,  have  crops 
to  prepare  and  foften  it,  and  very  ftrong  mufcular  ftomachs,  to  digeftand 
grind  it:  in  which  work,  they  are  ufually  afiifted  by  gravel,  and  little 
ftones,  that  they  are  Jed,  by  inftindt,  to  fwallow  ; great  quantities  where- 
of are  often  found  in  their  ftomachs. 

And  let  it  be  here  obferv’d,  that  chance  is  really  no  natural  caufe,  or 
agent,  but  a creature  of  man’s  own  making.  For  the  things  that  are 
done  in  the  corporeal  world,  are  really  done  by  the  parts  of  the  univerfal 
matter,  adling  and  fuffering  according  to  the  laws  of  motion,  eftablifhed 
by  the  author  of  nature.  But  we  men,  looking  upon  fome  of  thefe  parts 
as  directed  in  their  motions  by  God,  or  nature,  and  as  difpofed  to  the 
attainment  of  certain  ends  ; if,  by  the  intervention  of  other  caufes,  that 
we  are  not  aware  of,  an  effedl  be  produced,  very  different  from  that  which 
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we  fuppofed  was  intended  ; we  fay  that  effect  was  produced  by  chance:  Physics. 
fo  that  chance  is  indeed  but  a notion  of  ours,  and  fignifies  no  more  than 
that  in  our  apprehenfions  the  phyfical  caufes  of  an  effeCt  did  not  tend  to 
the  production  of  what  they  have,  nev^rthelefs,  produced.  And  there- 
fore I wonder,  that  the  philofophers  who  preceded  Ariftotle , never  treated 
of  chance  among  natural  caufes. 

And  as  fome  {tones  of  the  mod  curious  fhapes,  have  embolden’d  many 
favourers  of  Epicurus  to  fet  them  in  competition  with  thofe  animals,  or 
parts  of  animals,  from  their  likenefs  whereto  they  have  receiv’d  their 
names  *,  we  ought  to  confider,  that  feveral  learned  men  have,  of  late, 
made  it  very  probable,  that  thefe  {tones  were  once  really  the  animals,  or 
thofe  parts  of  them  which  they  refemble,  and  were  afterwards  turn’d  into 
{tones  by  the  fupervention  of  fome  petrefcent  matter,  or  petrifying  caufe. 

And,  allowing  fome  of  thefe  forts  of  {tones  to  be  the  production  of  the 
mineral  kingdom  *,  yet  it  would  not  clearly  follow,  that  they  owe  their 
fhapes  to  chance,  fince  ’tis  no  abfurdity  to  admit  feminal  principles  in  the 
more  elaborate  forts  of  foflils.  However,  I think  it  very  injurious  to 
make  thefe  productions  rival  the  animals  to  which  they  are  compared. 

For  the  fhape,  in  which  alone  they  and  the  animals  agree,  being  an  exter- 
nal thing,  is  not  worthy  to  be  mention’d,  in  comparifon  of  that  wherein 
they  differ  ; the  rude  and  flight  texture  of  the  bed  Ihaped  done  being  im- 
menfely  inferior  to  the  internal  contrivance  of  an  animal ; which  mud 
confidof  a multitude  of  parts  of  a determin’d  figure,  bulk,  fituation, 

(Sc.  as  is  obvious  to  thofe  who  have  feen  diffeCtions  skilfully  made.  And 
*tis  not  only  in  the  firm  and  quiefcent  parts  that  this  great  internal  diffe- 
rence between  dones,  and  the  animals  they  refemble,  is  to  be  found : there 
appears  a far  greater  difference  between  a living  animal,  and  a done,  than 
any  the  anatomical  knife  can  fhew  us  betwixt  a dead  one,  and  a done,  tho* 
ever  fo  curioufly  figured.  For  thefe  are  numberlefs  liquors,  fpirits,  dige- 
dions,  fecretions,  coagulations,  motions  of  the  whole  body,  of  the  limbs 
and  other  parts,  which  are  lodg’d  and  perform’d  in  a living  body,  and  are, 
perhaps,  more  admirable  than  the  druCture  of  the  folid  and  quiefcent  parts 
themfelves : fo  that,  tho’  a done,  in  external  appearance  very  like  a diell- 
fifh,  were  made  by  chance  ; yet  from  thence  to  conclude,  that  chance  may 
make  a living  fhell-fifh,  would  be  to  argue  worfe  than  he  who  fhould  pre- 
tend, that  becaufe  an  unskilful  ffnith  may  make  a hollow  piece  of  metal 
like  a watch-cafe  ; and  fill  it  with  fome  rude  duff7,  he  mud  therefore,  be 
able  to  make  a watch  ; for  there  is  lefs  difference  betwixt  the  skill  expreffed 
in  making  the  cafe  of  a watch  and  the  movement,  than  in  making-a  body 
like  alhell,  and  the  internal  partsof  a real  fifh:  or,  that  becaufe  putrefa- 
ction and  winds  have  fometimes  made  trees  hollow,  and  blown  them  into 
the  water,  where  they  fwim  like  boats  *,  therefore  the  like  caufes  may  make 
a regular  galley,  according  to  the  laws  of  naval  architecture,  man  it, 
deer  it,  excite  and  guide  all  its  motions  to  the  bed  advantage,  for  the  pre- 
fervation,  and  various  ufes of  the  veffel.  In  Ihort,  if  chance  fometimes 
does  drange  things,  ’tis  in  regard  to  what  fhe  herfelf,  not  to  what  nature 
ufes  to  perform.  And 
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Ph  vsrcs.  And  now,  to  give  my  thoughts  upon  the  fecond  queftion.  i.  I think 
the  naturalift  may  draw  arguments  from  the  ends  and  ufes  of  the  parts  of 
living  bodies,  provided  he  proceeds  herein  with  due  caution.  2.  ’Tis  my 
opinion,  that  the  inanimate  bodies  here  below,  proceeding  not  from  femi- 
nal  principles,  have  but  a more  flight  texture  4 fuch  as  earths,  liquors, 
flints,  pebbles;  and  will  not  fufficiently  warrant  reafop.ings  drawn  from 
their  fuppofed  ends.  3.  It  feems  to  me,  that  the  celeftial  bodies  abundantly 
declare  God’s  power  and  greatnefs,  by  the  immenfity  of  their  bulk,  and, 
if  the  earth  ftand  ftill,  the  celerity  of  their  motions ; and  alfo  argue  his 
wifdom,  and  general  providence,  with  regard  to  them : becaufe  he  has, 
for  fo  many  ages,  kept  fuch  a variety  of  vaft  vortices,  or  other  maffes  of 
matter  in  motions  immenfely  rapid,  without  permitting  them  to  deftroy 
one  another,  or  lofe  their  regularity.  And  I fee  no  abfurdity  in  fuppofincr 
that,  among  other  ufes  of  the  fun,  and  of  the  liars,  the  fervice  of  man 
might  be  intended  ; tho’  I doubt  whether,  from  the  bare  contemplation  of 
the  heavens,  and  their  motions,  it  can  be  cogently  inferr’d,  that  the  chief 
end  of  them  all  is  to  enlighten  the  earth,  and  bring  benefits  to  the  crea* 
tures  that  live  upon  it. 

Revelation  al-  Hitherto  I fuppofe  the  naturalift  to  difcourfe  merely  upon  phyfical 
lows  us  to /peak  grounds  ; but  if  revelation  be  admitted,  we  may  rationally  believe  more 
more  pofstwe/y  and  fpeak  lefs  doubtfully  of  the  ends  of  God,  than  bare  philofophy  will 

than  natural ’ warr.an<:  Vs  .t0  do'  For  if  God  « pleasM  to  declare  any  thing  to  us  con- 
philofopby.  cerning  his  intentions  in  the  making  of  his  creatures,  we  ought  to  believe 

it,  tho  the  confideration  of  the  things  themfelves  did  not  give  us  the  leaft 
fufpicion  of  it ; which  yet,  in  our  cafe,  they  do.  The  icriptures exprefly 
teach  us,  that  God  made  the  two  great  luminaries,  the  greater  to  rule 
“ the  day,  and  the  Jefier  to  rule  the  night;”  that  “ he  made  the  liars  al- 
**  f°’  and  ^et  them  in  the  firmament,  or  expanfum  of  heaven,  to  give 
“ light  upon  the  earth.”  And  thefe  are  reckon’d  among  the  ufes  of  thefe 
luminaries : “ to  divide  the  day  from  the  night;  and  to  be  for  figns,  and 
for  feafons,  and  for  days  and  years.’*  And  Mofes , aifluading  the  Ifra- 
elites  from  worlhipping  the  fun,  the  moon,  and  the  liars,  fays,  that  “ the 
<c  ^ord  had  imparted  them  unto  all  nations  under  the  heaven.”  And 
therefore  thofcCartefians  who  admit  the  authority  of  holy  fcripture,  fhould 
not  rejedt  the  confideration  of  fuch  final  caufes  as  revelation  difcovers  to 
us;  fince  ’tis  certainly  no  prefumption  to  think  we  know  God’s  ends, 
when  he  himfelf  acquaints  us  with  them:  nor  to  believe  that  the  fun, 
tho’  generally  efteem’d  a nobler  body  than  the  terreftrial  globe,  was 
made,  among  other  purpofes,  to  enlighten  it.  ’Tis  recorded,  in  the  book 
of  Gene/is,  that  God’s  defign  in  making  man,  was,  that  he  Ihould  “ fub- 
“ due  the  earth,  and  have  dominion  over  the  fifh  of  the  fea,  and  over  the 
“ fowl  of  the  air,  and  over  the  cattle,  and  over  all  the  earth,  and  over 
“ every  living  thing  that  moveth  upon  the  earth.”  And  the  fame  book 
informs  us,  that,  after  the  deluge,  God  “ deliver’d  all  terreftrial  beads, 
“ and  fowl,  and  fifh,  and  every  moving  thing  that  lives,”  into  the  hands 
of  men,  and  intended  that  they  Ihould  eat  animals  ; as,  before  the  flood,  he 

1 had 
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had  appointed  them  all  the  forts  of  wholefome  vegetables  for  their  food.  Physics. 
And  fince  God  was  pleafed  to  appoint  that  men  fhould  live  on  thefe  crea-  J 

tures,  it  cannot  be  abliird  to  fay,  that,  among  other  purpofes  to  which  he 
deftin’d  the  fun,  his  fhining  upon  the  earth  was  one  *,  fince,  without: his 
light  and  heat,  men  could  not  provide  for  thcmfelves  *,  and  neither  thole 
plants  thac  men  and  cattle  muft  feed  upon,  could  grow  and  ripen,  nor, 
confequently,  thofe  animals  that  were  to  be  their  principal  food,  and 
ferve  them  for  other  ufes,  could  be  fuftain’d,  and  provided  for.  Many 
other  texts  might  be  here  alledged  to  the  fame  purpofe,  but  I fhall  content 
myfelf  to  mention  that  of  the  royal  prophet,  when,  fpeaking  of  man  to 
his  maker,  he  fays,  4 6 Thou  haft  made  him  a little  lower  than  the  angels, 

45  and  haft  crown’d  him  with  glory  and  honour.  Thou  madeft  him  to 

46  have  dominion  over  the  works  of  thine  hands,  and  haft  put  all  things 
4C  under  his  feet.” 

Indeed  if  we  confider  only  that  vifible  part  in  man,  his  body  *,  the 
fmallnefs  thereof  may  make  it  feem  improbable  that  portions  of  the  uni- 
verfe,  incomparably  greater  than  he,  fhould  be  intended  for  his  fervice. 

But  chriftians  will  not  think  this  incredible,  if  they  confider  man,  as  he 
chiefly  confifts  of  a rational  mind  *,  which  proceeds  immediately  from 
God,  and  is  capable  of  knowing  him,  loving  him,  and  being  eternally 
happy  with  him.  They  who  defpife  man,  confider’d  in  this  capacity,  very 
little  know  the  worth  of  a rational  foul.  But  God,  who  is  the  be  ft  judge 
in  this  cafe,  was  pleas’d  to  confider  men  fo  much,  that  it  gave  David  caufe 
to  admire,  as  we  juft  now  faw  \ and  not  only  to  form  them  in  his  image, 
at  their  firft  creation ; but  when  they  had  wilfully  loft  and  forfeited  it,  he 
vouchfafed  to  redeem  them  by  the  fufferings  and  death  of  his  own  fon, 
who  is  incomparably  more  excellent  than  the  whole  world.  And  ’tis  not 
incredible  that  God  fhould  have  intended  many  of  his  other  works  to  be 
ferviceable  to  man ; fince,  by  miraculous  operations,  he  hath  fometimes 
fufpended  the  laws  of  nature,  and  fometimes  over-ruled  them  for  his  fake  ; 
as  appears  by  the  flood,  by  the  paftage  of  the  Ifraelites  thro’  the  red-fea, 
and  the  river  of  Jordan  \ by  the  (landing  ftill  of  the  fun  and  moon  at  Jo - 
Jhua's  command  ; by  the  inefficacy  of  the  burning  fiery  furnace  on  Da- 
niel's three  companions ; and,  in  fhort,  by  the  ftupendous  eclipfe  of  the 
fun  at  the  crucifixion  of  the  Meffias. 

And  we  fhall  the  lefs  fcruple  to  admit  that  fuch  vaft  bodies  as  the  fun 
and  moon  may  tend  to  ferve  mankind,  if  we  confider,  ’tis  far  from  being 
a conftant  rule,  that  a thing  more  excellent  cannot  be  employ’d  for  the 
good  of  a lefs  excellent.  Thus  an  angel  was  fent  to  relieve  Hagar  in  the 
wildernefs ; another  had  regard  to  the  life  of  a prophet’s  afs  ; and  many 
more  were  employed  on  earth,  in  doing  good  offices  to  particular  perfons : 
and,  of  all  the  angels  in  general,  the  epiftle  to  the  Hebrews  informs  us, 
that  “they  are  miniftring  fpirits,  fent  forth  to  minifter  unto  them  who 
“ fhall  be  heirs  of  falvation.” 
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SECT.  III. 

P Repara  tory  to  the  difcuffion  of  the  third  queftion,  <c  Whether,  and  in 
“ what  fenfe,  the  ading  for  ends  may  be  afcribed  to  an  unintelligent, 
“ and  inanimate  body  ?”  it  will  be  neceffary  to  clear  the  grand  difficulty 
that  has  before,  and  ever  fince  the  time  of  Arijiotle , perplexed  thofe  who 
allow  the  confideration  of  final  caufes  in  natural  philofophy.  This  diffi- 
culty is  obvious  enough  ; for  much  the  greater  part  of  bodies  being  fenfe- 
lefs,  and,  moft  of  them,  lifelefs  too  ; it  feems  inconceivable  how  they 
fhould  conftantly  ad  for  ends  they  are  not  capable  of  pre-defigning,  and, 
appofitely  employ  means  they  have  no  knowledge  to  make  choice  of. 

Arijiotle , who  exprefly  teaches,  that  nature  does  nothing  in  vain  ; and, 
rightly  judg’d,  that  the  addons  of  natural  agents  had  a tendency  to  cer- 
tain ends  ; takes  no  notice  of  this  difficulty,  but  feems  rather  to  ffiift  it 
off  than  refolve  it. 

But,  to  confider  the  difficulty  itfelf,  there  are  two  accounts  on  which 
the  adions  of  natural  agents  may  be  faid  to  tend  to  a certain  end  ; as, 
either  when  the  agent  has  a knowledge  of  that  end,  and  ads  with  an  in- 
tention to  obtain  it ; or,  when  the  adion  of  the  proximate  agent  is  di- 
reded  as  it  ought,  to  obtain  an  end,  which,  yet,  is  neither  known,  nor 
intended,  by  that  proximate  agent  •,  but  by  a remoter,  that  is  intelligent. 
In  the  former  of  thefe  fenfes,  I cannot  admit,  that  any  inanimate  body 
ads  for  ends  fince  that  pre-fuppofes  the  agent  both  to  know  the  end  he 
is  to  obtain,  and  to  purpofe  to  obtain  it:  things  whereof  inanimate  bo- 
dies are  incapable.  And,  to  fancy  with  fome,  that  they  may  have  a know- 
ledge,^’ generis , as  they  fpeak  ; which,  tho’  confined  to  the  adions  pro- 
per to  a particular  kind  of  body,  ffiall  yetfuffice  to  determine  them  to  thofe 
adions,  is,  to  offend  againft  that  rational,  and  receiv’d  rule  in  philofophy, 
that  Beings  are  not  to  be  multiply’d,  without  there  appears  a neceffity  tor 
them  j and  to  introduce  a fort  of  knowledge  that  feems  unintelligible. 

It  remains,  then,  that  I embrace  the  fecond  fenfe,  in  which  ’twas 
formerly  faid,  natural  things  may  work  for  an  end  •,  tho’,  in  this  cafe 
too,  we  muff  fpeak  fomewhat  improperly  : for  the  adion  may  more  juft- 
jy  be  attributed  to  the  remote  intelligent,  than  to  the  immediate  agent, 
which  is  but,  as  it  were,  the  inftrument  of  the  other.  Now,  it  appears 
to  me,  that  the  moft  wife,  and  powerful  author  of  nature,  whofe  piercing 
fight  is  able  to  penetrate  the  whole  univerfe,  and  furvey  all  the  parts  of 
it  at  once  ; did,  originally,  frame  material  things  into  fuch  a fyftem,  and 
fettle  among  them  fuch  laws  of  motion,  as  he  judged  fuitable  to  the 
ends  he  propofed  to  himfelf  in  making  the  world.  And  as,  by  virtue  of 
his  vaft  and  boundlefs  intelled  that  he,  at  firft,  employ’d-,  he  was  able, 
not  only  to  fee  the  prefent  ftate  of  things  he  had  made,  but  to  foreknow 
all  the  effeds  that  particular  bodies,  peculiarly  qualify’d,  and  ading  ac- 
cording to  the  laws  of  motion,  by  him  eftablifhed,  would,  in  particular 
circumftances,  have  on  one  another  ; fo,  by  the  fame  omnifcient  power, 

he 
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he  was  able  to  contrive  the  whole  fabric,  and  all  its  parts,  in  fuch  a 
manner,  that,  whilft  his  general  concourfe  maintain’d  the  order  efta- 
blifhed,  each  part  of  this  great  engine  fhould,  without  either  intention, 
or  knowledge,  as  regularly  and  conflantly  a£t  towards  the  attainment  of 
the  refpedtive  ends  he  defign’d  them  for,  as  if  themfelves  really  under- 
flood, and  induftrioufly  profecuted  thofe  ends.  Thus,  in  a well-made 
clock,  thefpring,  the  wheels,  the  balance,  &c.  tho’ each  of  them  a6tac- 
cording  to  the  impulfe  it  receives,  and  the  determination  that  is  given  it 
by  the  other  parts  of  the  engine,  without  knowing  what  the  neighbouring 
parts,  or  what  themfelves  perform  *,  yet  their  tendencies  are  fo  deter- 
mined, and  over- ruled,  and  their  motions  fo  regulated,  by  the  ftrudture 
of  the  machine,  that  the  whole  could  not  proceed  more  conveniently,  nor 
better  perform  the  office  of  a clock,  if  they  knew  they  ought  all  to  con- 
fpire, and  were  defign’d  to  make  the  index  truly  mark  the  hours.  ’Tis 
noteafy,  indeed,  to  conceive,  how  one  agent  fhould,  by  fo  fimple  an  in- 
flrument  as  local  motion,  diredt  fuch  a multitude  of  others,  as  make 
up  a world,  to  adt  with  the  fame  regularity,  as  if  each  of  them  went 
upon  its  own  particular  defign,  and  yet  all  confpire  to  obey  the  laws  of  na- 
ture. But  if  we  confider,  that  this  great  work  is  afcribed  to  an  omnifcient, 
and  almighty  agent,  it  will  not  appear  incredible  ; efpecially  fince  ’tis 
manifeft,  that  a multitude  of  bodies  adt  as  we  have  fuppofed  : and  that, 
if  we  will  not  afcribe  to  God  the  diredtion,  and  fuperintendency  of  the 
motions  that  are  manifeftly  fitted  for  the  attainment  of  ends,  we  muft 
afcribe  them  to  nature  ; which  will  not  lefien,  but  increafe  the  difficulty. 
And,  upon  viewing  a great  engine,  wherein  the  works  of  many  trades, 
and  a great  variety  of  other  motions  were  perform’d  by  little  puppets,  that 
managed  the  tools  of  the  feveral  artificers  ; whilft  all  of  them  werefet  on 
work  by  a fingle  fpring,  which  communicated  motions,  regulated  and 
determined  by  the  particular  ftrudture  of  the  little  flatues,  &V.  I could 
not  think  it  impoffible,  that  the  great  creator  fhould  be  able,  by  the  mo- 
tions and  Hr  udlu  res  of  matter,  to  fet  very  many  partial,  and  fubordinate, 
engines  a-going.  For  ’twill  not,  I hope,  be  faid,  that  the  multitude  of 
thefe,  any  thing  near  furpafles  that  of  thofe  which  I faw  in  the  hand  of  an 
illiterate  tradefman,  fo  far  as  the  narrow  knowledge  of  that  artificer  is 
furpafied  by  the  boundlefs  underflanding  of  an  omnifcient  artifl.  And 
God’s  wifdom  and  skill  is  more  difplay’d  in  making  fo  many  various  bo- 
dies adt  according  to  their  particular  defignations,  while  they  all  confpire 
to  the  general  ends  of  the  univerfe ; than  barely  in  caufing  bodies  to  adt, 
appofitely,  for  ends  to  themfelves  unknown.  For,  if  moving  bodies  be 
duly  difpofed,  and  have  a fufficient  connection,  ’tis  not  difficult  to  direct 
a few  of  them  to  the  attainment  of  an  endpropofed  by  an  underflanding 
agent,  tho’ unknown  to  the  immediate  agents:  as,  anciently,  among  the 
JewiJh  husbandmen,  and,  at  this  day,  in  fome  parts  of  the  eafl,  the  ox, 
by  treading  the  corn,  feparates  the  grain  from  the  flraw,  as  well  as  the 
labourer  who  thrafhes  it,  on  purpofe  to  make  that  reparation  s and  a 
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horfe  or  an  afs,  by  going  round  in  a mill,  may  grind  the  corn  as  well  as 
the  miller  himfelf. 

This  doctrine,  however,  is  not  inconfiftent  with  the  belief  of  any  true 
miracle  *,  for  it  fuppofes  the  ordinary  and  fettled  courfe  of  nature  to  be 
maintain’d  j without  at  all  denying,  that  the  moft  free  and  powerful  author 
of  nature  is  able,  whenever  he  thinks  fit,  to  fufpend,  alter,  or  contradict 
thofe  laws  of  motion  which  he  alone  at  firft  eftablifh’d,  and  which  requires 
his  perpetual  concourfie  to  uphold.. 

SECT.  IV. 

TO  come  to  our  Iaft  queftion,  <c  With  what  cautions,  final  caufes  are 
to  be  confider’d  by  the  naturalift?”  I mud  obferve,  that  the  cafes 
whereto  it  may  relate,  are  fo  many  and  various,  that  I can  only  touch 
upon  fome  few  of  them. 

And  to  make  way  for  what  I am  to  offer,  by  a diftindlion  ; there  are 
two  ways  of  reafoning  from  the  final  caufes  of  natural  things,  that  ought 
not  to  be  confounded.  For  fometimes  men  draw  arguments  from  the  ufe 
of  bodies  that  relate  to  the  author  of  nature,  and  the  general  ends  he  is 
fuppofed  to  have  intended  in  things  corporeal : as  when  from  the  manifeft 
ufefulnefs  of  the  eye  and  all  its  parts  for  vifion,  ’tis  inferr’d  that  the  eye 
was  originally  framed  by  a very  intelligent  Being,  with  a particular  care 
that  animals  fhould  be  furnifh’d  with  the  fitted:  organ  of  fo  necefiary  a 
fenfe..  And  fometimes,  alfo,  men  ground  arguments  upon  the  fuppofed 
ends  of  things,  as  to  the  peculiar  nature  of  the  things  themfelves,  and 
conclude  that  this  affe&ion  of  a natural  body  or  part  ought  to  be  granted, 
or  that  deny’d  v becaufe  by  this,  and  not  by  that,  or  by  this  more  than  by 
that,  the  end  defign’d  by  nature  may  be  beft  and  mod  conveniently  ob- 
tain’d. The  latter  fort  of  arguments  I ufually  call  purely  phyfical,  and 
thofe  of  the  former  may  be  itiled  phyfico- theological,  or,  by  a fhorter 
name,  metaphyficalones. 

But  in  order  to  be  the  more  clear  upon  this  fubjeCt,  I (hall  refer  my 
thoughts  of  it  to  the  five  following  propofitions. 

PROP.  I. 

As  to  the  generality  of  the  celeftial  bodies , it  feems  unfafe  to  draw  arguments  of 
their  nature , on  a fuppofition  of  particular  ends,  at  leaf  of  the  human  ones , 
defign'd  by  God  in  their  formation . 

I am  by  all  means  for  encouraging  the  contemplation  of  the  celeftial 
part  of  the  world,  and  the  fhining  globes  that  adorn  it,  and  efpecially  the 
fun  and  moon,  in  order  to  raife  our  admiration  of  the  ftupendous  power 
and  wifdom  of  him  who  was  able  to  frame  fuch  immenfe  bodies ; and, 
notwithftanding  their  vaft  bulk,  and  fcarce  conceivable  rapidity,  keep 
them  for  fo  many  ages  conftant  both  to  the  lines  and  degrees  of  their  mo- 
tion, without  interfering  with  one  another.  And  doubtlefs  we  ought  to 
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return  thanks  and  praifes  to  the  divine goodnefs  for  having  fo  placed  the  fun  Physics. 
and  moon,  and  determin’d  the  former,  or  elfe  the  earth,  to  move  in  particu- 
Ikr  lines,  for  the  good  of  men  and  other  animals.  And  how  difadvantage- 
ous  would  it  have  been  to  the  inhabitants  of  the  earth,  if  the  luminaries  had 
moved  after  a different  manner  ? I dare  not,  however,  affirm,  that  the  fun, 
moon,  and  other  celeftial  bodies,  were  made,  folely,  for  the  ufe  of  man ; 
much  lefs  prefume  to  prove  one  fyftem  of  the  world  to  be  true,  and  another 
falfe  ; becaufe  the  former  is  better  fitted  to  theconveniency  of  mankind,  or 
the  other  lefs  fuited,  or  perhaps  altogether  ufelefs  to  that  end.  Thus  men 
fometimes  ailedge,  that  the  fun  ought  to  be  in  perpetual  motion,  to  fhine 
upon  the  earth  ; becaufe,  as  they  fancy,  ’tis  more  convenient  for  man,  that 
thofe  diftant  bodies,  than  that  the  earth,  which  is  his  habitation,  fiiould  be 
kept  in  motion.  But  confidering  things  as  mere  naturalifts,  it  feems  not 
very  likely  that  a mofl  wife  agent  fhould  have  made  fuch  vaft  bodies  as  the 
fun  and  the  fix’d  ftars,  (efpecially,  if  we  fuppofe  them  to  move  with  fuch 
a prodigious  rapidity  as  vulgar  aitronomers  affign  them)  chiefly  to  illumi- 
nate a little  globe,  that,  without  an  hyperbole,  is  but  a phyfical  point  in 
comparifon  of  the  immenfe  celeftial  fpace ; while  thofe  lights  might  aswell 
illuminate  the  earth,  if  they  were  a thoufand  times  lefs  than  they  are  *, 
provided  they  were  placed  at  a proportionable  diftance  from  it.  And 
’twill  be  very  hard  to  fay  what  confiderable  ufe  the  terreftrial  globe  or  its 
inhabitants  derive  from  that  multitude  of  celeftial  fpheres  which  compofe 
the  milky  way  i fince  each  of  thofe  ftars  is  fo  far  from  being  fingly  able  to 
enlighten  the  earth,  that  Arijiotle , and  the  generality  of  philofophers  for 
many  ages,  took  the  whole  number  of  them  for  a meteor.  And  what 
light,  or  other  known  advantage,  can  the  earth,  or  its  inhabitants,  receive 
from  thofe  many  fix’d  ftars  that  the  telefcope  only  candifcover,  among  the 
fix  or  feven  confpicuous  ones  of  the  Pleiades , or  among  thofe  which  the 
naked  eye  difcovers  in  the  belt  or  girdle  of  Orion  * ? 

I forefee,  it  may  be  faid,  that  thefe  and  the  like  celeftial  bodies  are,  at 
leaft,  thus  far  ufeful  to  men,  as  to  difcover  to  him  the  power  and  great- 
nefs  of  the  divine  maker.  And,  indeed,  tho’  perhaps  his  wifdom  appears 
as  great  to  us  men  in  the  ftrudture  of  a glow-worm,  as  in  the  difpofition 
of  the  fmall  ftars  that  make  up  the  galaxy  j yet  the  immenfity  of  his  power 

could 


* It  feems  difficult  to  fay , what  ad- 
vantages the  earth  can  receive  from  the 
comets ; yet  late  difcoveries  have  led  us 
to  conjecture  at  their  ufe : and  that  moft 
fagacious  philofopher,  Sir  Ifaac  Newton , 
fuppofes  that  one  final  caufe  of  comets,  is, 
“ to  recruit  the  feas,  and  the  moifture 
“ in  the  planets,  by  a condenfation  of 
“ their  vapours , and  exhalations  there- 
“ on.  For  as  feas  are  abfolutely  neceffa- 
“ ry  to  the  conftitution  of  our  earth,  to 
“ the  end  that  the  heat  of  the  fun  may 


“ thence  raife  vapours  in  great  plenty, 
“ which  gathering  into  clouds,  fall  down 
“ in  rain,  and  thereby  water  the  earth,. 
“ and  fit  it  for  vegetation ; or  elfe  being 
“ condenfed  by  the  cold  tops'  of  the 
" mountains,  diltil  down  in  fprings  and 
“ rivers  ; fo  comets  feem  neceffary  to 
“ preferve  the  waters  in  the  planets,  by 
“ continually  repairing , and  fupplymg 
“ with  their  exhalations  and  conden  ed 
“ vapours,  all  that  liquor,  which  be'ug 
“ watted  in  vegetation  and  putrefaction , 
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could  not  pofilbly  be  fo  well  declared  by  lefs  prod  unions.  Thefe  argu- 
ments, neverthelefs,are  not  purely  phyfical,butof  that  fort  which  I call  phy- 
fico-theological,  whofe  inferences  relate  to  the  general  defigns  of  God  in 
the  univerfe,  which  I therefore  ftile  cofmical  ends  ; but  do  not  reach  to 
prove  any  thing  about  the  determinate  nature  of  particular  bodies.  And 
fince  the  utmoft  that  philofophy  teaches,  is,  that  in  general,  the  good  of 
man  was  one  of  the  ends  defign’d  by  God  in  framing  the  world  as  we  fee 
it ; there  may,  by  the  fame  omnifeient  author  of  nature,  be  other  ends 
defign’d  of  thofe  telefcopical,  and  other  fmall  or  remote  ftars,  whofe  ufes 
to  us  are  doubtful  or  inconfiderable  ; to  attain  which  ends,  thofe  celeftial 
bodies  and  motions  may  be  admirably  contrived  and  directed.  And  we 
being  unable  by  mere  reafon  to  difeover  what  thofe  ends  are,  tho*  we  have 
nothing  near  fo  great  caufe  to  think  there  may  not  be  fuch  ends,  as  the  in- 
finite wifdom  of  God  gives  us  to  think  there  may  ; ’tis  prefumptuous  to 
judge  of  the  fyflem  of  the  world,  and  of  the  defign  of  vaflly  remote  fix’d 
ftars,  by  its  being  greater  or  lefs  advantageous  to  us : efpecially  fince  tho* 
it  were  certain,  that,  among  other  ufes,  God  intended  they  fliould  infome 
fort  be  ferviceable  to  us  5 yet  he  has  no  way  declared  in  what  capacity,  or 
to  what  degree,  they  fhall  be  fo.  And  therefore,  if  they  prove  ferviceable 
in  any  meafure  •,  that  is,  fo  far  as  we  know,  all  he  defign’d  they  fhould  be: 
and  that  itfelf,  being  an  unmerited  favour,  deferves  our  humble  thanks. 
And  itfeems  very  likely,  that  God  did  not  defign  equal  advantages  to  all 
the  parts  of  the  earth,  from  the  prefent  fyflem  of  the  univerfe  ; fince  the 
countries  inhabited  by  the  Samcids  and  Nova-Zemblans , and  other  nations 
that  lie  very  near  the  ar<5lic  pole,  want  many  conveniences  and  advan- 
tages enjoy’d  by  the  inhabitants  of  the  temperate  zones. 

But  tho’  bare  philofophy  does  not  favour  this  bold  opinion,  yet  I know 
’twill  be  pretended  that  revelation  does.  And  I readily  confefs,  that  the 
terraqueous  globe  and  its  productions,  efpecially  the  plants  and  animals 
’tis  furnifh’d  with,  appear,  from  the  feripture,  to  have  been  defign’d  for 
the  ufe  and  benefit  of  man  * who  has,  therefore,  a right  to  employ  any  of 
them  he  is  able  to  fubdue  ; and  that  the  fun  and  moon  were  appointed  by 
God  to  give  light  upon  the  earth,  and  be  ufeful  to  all  the  nations  that  in- 
habit it : and  that  therefore  the  royal  prophet  had  reafon  to  exclaim. 


u is  turn’d  into  dry  earth  upon  them. 

For  all  vegetables  wholly  grow  from 
44  liquids,  and  afterwards,  in  great  mea- 
4t  fure,  change  into  dry  earth  by  putre- 
faction ; and  a terreftrial  part  perpe- 
4t  tually  falls  from  putrefied  fluids. 

Hence  the  bulk  of  dry  earth  is  con- 
“ ftantly  upon  the  increafe,  and  the 
4t  fluids,  unlefs  by  fome  means  fupplied, 
gt  muft  continually  decreafe,  and  at  length 
“ be  exhaufted.  But  the  vapours  of  co- 
4t  mets  being  continually  rarified  in  the 
“ empty  celeltial  fpace,  are  diffufed  every 


“ way  therein,  and  fpread  through  the 
“ whole  heavens ; afterwards  they  are 
“ gradually  attra&ed  by  the  planets,  from 
“ their  princip’e  of  gravity,  and  proba- 
“ bly  intermix’d  with  their  atmofpheres. 
“ I farther  fufpeft,”  fays  this  great  philo- 
fopher,  “ that  the  fpirit  which  is  the 
“ leaft,  the  mod  fubtile,  and  the  bed  part 
“ of  our  air,  and  which  is  neceflary  to  the 
“ life  of  all  things,  comes  principally 
“ from  the  come  s.”  Newton,  Princip . 
P-4 72,  473- 

“ how 
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“ how  manifold  arc  thy  works,  O Lord  ! how  wifely  haft  thou  made  them  Physics. 
“ all  !”  For  he  applies  thefe  expreffions  to  the  terraqueous  globe  and  its  L/W 
inhabitants*,  as  he  elfewhere  juftly  fays,  that  “the  heavens  declare  the 
“ glory  of  God,  and  the  firmament  fheweth  his  handy-work.”  But  thefe 
general  declarations,  tho5  they  properly  excite  our  wonder  and  thankful- 
nefs,  yet  I fear,  are  not  good  topics,  from  whence  to  draw  fuch  phyfical 
conclufions  in  particular  cafes,  as  fome  learned  men  venture  upon.  For  I 
do  not  remember ’tis  any  where  declared  in  fcripture,  that  the  fervice  of 
man  was  the  only,  or  principal  ufe,  of  all  the  celeftial  bodies.  And  this 
fingle  confideration  fhould  make  us  very  cautious,  how  we  eftimate  the 
great  fyftem  of  the  world  by  our  conveniencies.  And  if  it  be  faid,  that 
man  alone  has  a rational  faculty,  whereby  to  refer  the  great  works  of  God 
to  the  glory  of  their  maker  ; I anfwer,  that  tho’  this  has  been  affirm’d  by 
many,  yet  I have  never  found  it  prov’d.  And  I fomewhat  wonder,  that 
divines  fhould,  on  this  occafion,  overlook  thatpafiage  mJob>  which  they 
generally  interpret  of  the  angels.  For  the  queftion  which  God  there  puts 
to  Job,  may  be  juftly  applied  to  Adam  himfelf ; “ Where  waft  thou,  when 
<£  1 laid  the  foundations  of  the  earth  ? declare,  if  thou  haft  underftanding. 

“ When  the  morning-ftars  fang  together,  and  all  the  fons  of  God  fhouted 
<c  for  joy?”  And,  indeed,  if  we  may  prefume  to  conjecture  at  fuch 
things,  it  feems  reafonable  to  me,  that  God  created  the  angels  before  the 
material  world,  that  he  might  have  intelligent  Beings  to  pay  him  the  juft 
tribute  of  praifes  for  fo  admirable  a fpeCtacle,  as  that  of  the  riling  world, 
or  the  beginning  and  progrefs  of  the  creation.  However,  it  appears  from 
thefe  words  in  Job , that  before  man  was  made,  God  wanted  not  intelli- 
gent fpe&ators  and  applauders  of  his  corporeal  works.  A nd  fince  the  angels 
are  a nobler  order  of  intellectual  creatures  than  men,  and  no  unconcern’d 
fpecftatorsat  the  works  of  God ; how  do  we  know,  that  in  the  fyftem  of 
that  part  of  the  heavens  which  isinvifibleto  us  without  the  help  of telefcopes, 
and  in  the  plants,  animals,  or  other  furniture,  whatever  it  be,  of  thofe 
particular  ftars  that  ferve  us  men,  barely  for  declarations  of  their  maker’s’ 
power;  fuch  intelligent  fpirits  as  angels  may  not  difcern  as  wife  defigns, 
and  as  admirable  contrivances,  as  thofe  manifefted  in  forming  and  furnifhing' 
the  earth  ? And  in  this  cafe,  God  will  lofe  none  of  the  glory  due  to  the 
divine  attributes  difplay’d  in  the  fabric  of  the  celeftial  part  of  the  world, 
tho’  the  fix’d  ftars  fhould  not  be  principally  defign’d  for  the  fervice  of  man. 

But,  fecondly,  ’tis  yet  more  unfafe  to  form  arguments  upon  the  nature- 
of  particular  inanimate  bodies  in  the  fublunary  world,  from  the  ufes  we 
think  them  defign’d  for. 

This  will  be  made  evident,  by  confidering  how  little  we  know  of  the  ^^  thofe  that 
particular  purpofes  of  nature,  in  thofe  terreftrial  bodies,  which  being  in- are  terreJirla  * 
organical,  cannot,  by  their  curious  ftruCture,  difclofe  to  us  the  particular 
ends  to  which  they  were  ordain’d.  And  their  motions  wanting  that  con- 
ftancy  and  regularity  of  the  celeftial  bodies,  the  caution  given  about  draw- 
ing  arguments  from  the  aftronomical  fyftem,  will  not,  fure  be  thought 
unfit  to  take  place  in  clays,  chalks,  ftones,  &c,  whofe  textures,  compared 

with 


Physics. 


Final  Caufes  of  Natural  Things . 


of  the  depth  requifite  to  difcover  them,  and  do  not  fo  much  as  know  what 
kind  of  bodies  they  are.  And  tho’  it  will  not  hence  follow,  that  the  terra- 
queous globe  was  made  by  chance,  any  more  than  that  the  other  plants 
were  fo,  becaufe  the  admirable  ftrufture  of  plants  and  animals  proves  the 
exigence  and  providence  of  a moft  wife  and  powerful  author  of  things 
who  may  juftly  be  fuppofed  to  have  made  nothing  in  vain,  even  among  the 
inanimate  portions  of  our  globe  ; yet  that  thofe  inanimate  portions  were 
made  for  determinate  ends,  is  more  eafily  deduced  from  the  knowledge  we 
have,  by  other  means,  of  their  being  produced  by  a wife  author,  than  from 
the  contemplation  of  thofe  bodies  themfelves.  And  perhaps  it  is  worth  in- 
quiry whether  fome  things  may  not  be  made,  even  by  a wife  agent  not 
out  of  a primary  intention,  but  as  productions  that  will  naturally  follow 
upon  the  eftablifhment  and  prefervation  of  thofe  grand  laws  and  rules  of 
motion  that  were  moll  lit  to  be  fettled  among  things  corporeal  And  ’cis 
very  poflible,  that,  according  to  fuch  a general  eftablilhment,  many  parts 
of  the  terreftnal  globe  are  fo  difpofed  of,  as  not  to  be  ferviceable  to  men  • 
becaufe  the  whole  mafs  could  not  otherwife  be  fo  well  fuited  to  the  aeneral 
ends  of  the  univerfe.  Thus,  tho’  the  eclipfes  of  the  fun  and  moon  be 
ufually  unwelcome,  and,  if  aftrologers  may  be  credited,  often  prejudicial 
to  men  ; yet  “ the  great  former  of  all  things”  did  not  think  fit  to  alter  the 
tracts  or  lines  of  motion  that  he  aflign’d  the  luminaries,  to  avoid  the 
eclipfes  that  muft  yearly  enfue  upon  their  moving  in  fuch  lines.  Whence 
we  alfo  learn,  that  fome  phenomena  may  not  belong  to  the  primary  inten- 
tion of  nature,  but  are  only  the  necefiary  confequences  and  effects  of  the 
primitive  conftitution  of  the  world,  and  the  univerfal  laws  of  motion. 

But  it  it  be  here  demanded  to  what  end  the  deep  and  hidden  parts  of 
the  terraqueous  globe,  and  the  telefcopic  liars  of  the  firmament,  were 
made,  it  not  tor  the  ufe  of  man?  1 freely  acknowledge,  that  I cannot  tell : 
and  perhaps  fuch  an  anfwer  may  be  more  exprefiive  of  the  profound  re- 
verence we  owe  the  great  author  of  nature,  than  their  opinion,  who  would 
have  all  thefe  made  tor  the  foie  ufe  of  man. 
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PROP.  II.  vyw 

*Tis  often  allowable  for  a naturalift , from  themanifeft  and  appofite  ufes  of  the 
parts  of animal  bodies , to  colie  ft fome  of  the  particular  ends  for  which  the  creator 
defign’d  them : and  in fome  cafes  we  may,  from  the  known  nature  and  ft ru Bure 
of  the  part s.)  draw  probable  conjectures  about  the  particular  offices  of  them . 

To  obviate  miftakes,  it  muft  be  here  obferv’d,  that  I fpeak  only  of  thofe 
ends  and  ufes  of  the  parts  of  an  animal,  that  relate  to  the  welfare  and  pro- 
pagation of  the  animal  itfelf,  and  which,  therefore,  I call  animal  ends  *, 
tho’  I do  not  thereby  deny  any  declaration  made  in  the  holy  fcriptures,  that 
God  defign’d  the  entire  animals,  as  well  as  their  parts,  to  be  ferviceable 
many  ways  to  man.  This  premifed,  I come  to  confider  diftindlly  the  two 
parts  of  the  proportion. 

And,  firft,  there  is  no  work  of  nature  known  to  us,  wherein  the  con- 
fideration  of  final  caufes  may  fo  juft]  y take  place,  as  in  the  ftrudlure  of 
animal  bodies.  For  my  own  part,  I confefs,  that  when  I aflift  at  a skil- 
ful difledtion,  I cannot  but  wonder  there  fhould  be  philofophers,  who 
afcribe  the  admirable  contrivance  of  a human  body  to  blind  chance.  The 
Stoic,  who  in  Cicero , ask’d  an  Epicurean  why  chance  did  not  make  palaces, 
and  eredt  other  buildings,  feems  to  have  propofed  a pertinent  queftion. 

But  the  moll  commodious  houfes  are  far  lefs  curious  ftrudlures  than  the 
human  machine  : for  the  materials  of  a palace  are  few,  in  comparifon  to 
the  parts  of  an  animal  body  ; and  their  difpofition  exceeding  flight,  com- 
pared to  the  curious  and  elaborate  contrivance  of  the  numerous  lolids  and 
fluids  of  the  human  ftrudture:  the  former  whereof,  alone,  are  above  fome 
hundreds ; yet  in  every  one  of  thefe  parts,  the  bulk,  figure,  confidence,  tex- 
ture, fituation,  connexion,  andaptnefsfor  motion,  are  the  molt  commodious 
that  can  poflibly  bedevifed  *,  whilft  all  of  them  are  wonderfully  fymmetri- 
cal,  both  to  one  another,  and  the  whole  body.  And  this  number  of  parts 
is  fo  artificially  contrived  and  fet  together,  that  tho’  no  room  be  loft, 
many  of  them,  at  the  fame  time,  exercife  very  different  motions,  while  each 
moves  freely,  and  rather  promotes  than  hinders  the  motion  of  others. 

Hurts  or  difeafes  may  fhew  how  excellently  all  the  parts  of  our  bodies 
are  contrived,  in  order  to  our  welfare.  For  if  even  a finger  be  fwell’d, 
difplaced,  kept  in  a wrong  pofture  by  contradtions,  have  its  continuity 
violated,  its  tone  chang’d  by  ftrains  or  contufions,  its  fenfe  or  motion  ta- 
ken away,  its  membranes  fretted  by  fharp  humours,  or  its  motions  dif- 
order’d  by  convulfions  ; we  quickly  find,  how  commodioufly  the  parts 
affedted  were  framed  or  difpofed  ; their  natural  figure,  connexion,  tone, 

&c.  being  now  alter’d. 

The  eye,  to  Angle  out  again  that  part  for  an  inftance,  is  fo  exquifitely 
adapted  for  feeing,  and  fo  little  fitted  for  almoft  any  other  office  in  the 
body  ; and  that  ufe  is  fo  neceflary  for  the  welfare  of  the  animal,  that  it 
may  well  be  doubted,  whether  any  confidering  man  can  really  think  it  not 
defigned  for  that  ufe.  The  fix  or  feven  mufcles,  which  move  the  whole  ball 
Vol.  II.  A a of 
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Physics,  of  the  eye  upwards,  downwards,  to  the  right-hand,  to  the  left,  and  to  va- 
L/W'  nous  oblique  pofitions  ; and  the  feveral  coats  and  humours  that  make  up 
the  organ,  have  not  only  their  magnitude,  figure,  confidence,  fituation, 
and  connexion,  admirably  adapted  to  that  end  ; but  the  tranfparency  of 
the  cornea,  and  the  three  humours,  the  opacity  of  the  uvea,  the  femi-opa- 
city  of  the  retina,  and  the  feveral  motions  of  the  parts  of  the  eye,  which 
are  requifite  to  receive,  tranfmit,  refradb,  and  difpofe  the  vifual  rays,  that 
come  from  the  object,  after  the  manner  necefiary  to  make  the  livelieft  pi- 
cture of  it  in  the  bottom  of  the  eye,  wonderfully  confpire  to  com  pleat  this 
matchlefs  inftrument  of  vifion  : whence  we  may  as  properly  conclude,  that 
an  eye,  as  that  a telefcope,  is  made  to  view  objects  with.  But  in  that  ad- 
mirable perforation  of  the  uvea,  which  we  call  the  pupil,  nature  has  greatly 
exceeded  art.  For  tho5  we  are  obliged  to  employ  opake  bodies,  with  fe- 
veral circular  apertures,  to  the  objedt-glafies  of  telefcopes,  that  fome  may 
let  in  lefs  light,  and  others  more,  according  as  the  objedts  require  to  be 
illumin’d  ; that  part  of  the  uvea  which  is  fufpended  in  the  aqueous  hu- 
mour, is  an  aperture  that  widens  and  contracts  itfelf  in  an  inftant,  ac- 
cording to  the  exigency  of  the  objedt. 

But  for  the  ufes  of  the  feveral  parts  of  the  eye,  I refer  my  reader  to- 
Scbeiner’s  Oculus , and  Des  Cartes’s  Dioptrics  •,  whence  it  will  appear,  that, 
in  forming  this  part,  nature  not  only  adted  with  defign,  but  with  fo  great 
skill  in  Optics,  that  a more  than  ordinary  acquaintance  with  that  fcience 
is  neceffary  to  underftand  the  wifdom  of  the  feveral  contrivances,  which 
perhaps  no  degree  of  skill  whatever  in  it  would  enable  a man  to  alter  for 
the  better. 

’ Twere  tedious  to  mention  other  parts  of  the  body  that  manifeftly  ap- 
pear to  have  been  ordain’d  to  certain  ufes.  The  books  of  anatomiftsare 
full  of  paffages  to  this  purpofe,  of  which  I fiiall  only  fay  in  general,  that 
tho*  what  they  deliver  is  fufficient  to  fhewall  the  parts  of  the  body  to  be 
the  effedts  of  an  intelligent  caufe,  yet  unlefs  their  defcriptions  and  refle- 
ctions be  improved  by  mathematics,  mechanics,  and  chymiftry,  we  lhall 
have  but  an  imperfedt  notion  how  intelligent  that  caufe  is,  or  how  much 
wifdom  is  difplay’d  in  the  ftrudture  of  a human  body,  and  its  feveral 
parts. 

I know  ’tis  objected  by  the  Epicureans,  that  the  parts  of  animals  were 
firft  made,  and  their  ufes  afterwards  difcover’d,  by  the  fagacity  of  men  ; 
but  this  is  a fophiftical  objedlion  : for,  firft,  many  of  the  internal  parts 
perform  their  functions,  without  our  having  any  knowledge  of  their  ftru- 
dture or  fituation  ; fo  far  are  they  from  being  applied  to  fuch  ufes  by 
our  fagacity.  And  as  for  the  limbs  and  other  parts,  which  we  move 
at  pleafure,  ’tis  true,  they  cannot  be  employ’d  to  their  refpedtive  ufes, 
till  actually  form’d  ; neverthelefs,  they  might  be  originally  fo  form’d,  as  in 
due  time  to  be  fit  for  fuch  ufes.  And,  in  effedt,  we  fee  that  a chick  is 
furnifh’d  with  compleat  eyes  and  wings,  before  it  be  hatch’d,  tho’  whilft 
inclofed  in  the  egg  it  can  make  no  ufe  of  them,  either  to  fee  or  fly.  And 
why  was  it,  do  the  Epicureans  think,  that  nature  provided  a whole  fett  of 

temporary 
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temporary  parts  for  pregnant  females,  and  animals  in  the  womb  *,  which,  Physics. 

when  they  are  come  into  a freer  ftate,  partly  (brink  away  of  themlelves,  L/W/ 

and  partly  turn  to  a ligament,  fitted  no  longer  for  the  former,  but  for  a 

more  feafonable  ufeP  And  ’tis  to  be  noted,  that  thefe  umbilical  vefiels, 

and  the  placenta  to  which  they  are  fatten’d,  is  of  no  necettity  or  ufe  to  the 

female  before  conception  j and  therefore  thofe  temporary  parts  appear  to 

have  been  defign’d  by  nature  for  the  propagation  of  the  fpecies. 

And  tho’  the  fagacity  of  men  may  have  found  out  fome  ufes  of  the  par- 
ticular parts  of  their  bodies,  which  feem  not  to  have  been  primarily  in- 
tended by  the  author  of  nature ; yet  this  does  not  prove  that  thofe  ufes 
were  undefign’d  : for  the  prefcience  and  goodnefs  of  God  are  fufficient  to 
render  it  probable  that  he  who  gave  man  both  the  limbs  of  his  body,  and 
the  endowments  of  his  mind,  did  both  forefee  what  ufes  men  might,  ac- 
cording to  their  fagacities  and  emergencies,  make  of  thefe  parts,  and  fo 
contrive  the  parts,  that  they  fhould  be  applicable  to  fuch  ufes. 

And  we  may  now  proceed  to  the  latter  part  of  our  propofition,  which 
afierts,  that,  in  fome  cafes,  from  the  known  ends  of  nature,  as  well  as  from 
the  ftrudture  of  the  parts,  probable  conjedtures  may  be  form’d  about  the 
particular  offices  of  them. 

This  could  not  have  been  feafonably  fpoken  to  before,  becaufe  the  ar- 
guments that  were  founded  on  the  ufes  of  the  parts  of  animals  fuppofe 
thofe  parts  to  have  been  deftin’d  to  particular  ufes,  knowable  by  us ; and 
that  the  feveral  parts  of  the  body  were  contrived  as  wifely  and  commodi- 
outty  as  men  are  able  to  devife,  in  order  to  the  ends  of  nature  ; which 
mutt  always  be  underftood  to  have  united  in  her  defigns  the  ufes  of  the 
parts,  and  the  welfare  of  the  whole. 

And  indeed  if  we  confider  how  admirable  a fitnefs  there  is  in  the  parts 
of  a human  body,  to  thofe  particular  ends  we  can  difcover  them  to  have 
been  defign’d  for ; it  feems  allowable  to  conjecture,  that  fuch  a part  was 
not  primarily  defign’d  to  fuch  an  ufe,  if  it  is,  on  the  account  of  its  ftru- 
dture,  or  otherwife,  lefs  fitted  for  it  than  the  conftant  wifdom  of  nature 
feems  to  require  ; efpecially  if  there  be  any  other  parts  by  which  the  of- 
fice may  be  more  commodioufly  performed.  And,  on  the  other  fide,  it 
feems  probable,  that  fuch  a part  was  deftin’d  to  fuch  an  ufe,  if  the  ufe  it- 
felf  appear  to  be  necefiary,  and  the  part  better  fitted  for  it  than  any 
other. 

Thus,  tho’ anatomical  and  optical  writers,  for  many  ages,  unanimoufly 
concluded  the  cryftalline  humour  to  be  the  principal  feat  of  vifion,  yet 
the  induftrious  Scheiner  juftly  rejedts  that  receiv’d  opinion,  upon  (hewing, 
that  it  fuits  not  with  the  skill  and  providence  of  nature,  that  it  (hould  be 
io,  fince  it  wants  many  requifite  qualifications  for  that  purpofe  ; and  efpe- 
cially fince  moft  of  thefe  are  to  be  found  in  the  retina.  And  I remember, 
upon  asking  our  famous  Harvey  what  induced  him  to  think  of  a circulation 
of  the  blood  ; he  faid,  that  observing  the  valves  in  the  veins  of  many  parts 
ot  the  body,  fo  placed,  as  to  give  free  pafiage  to  the  blood  towards  the 
heart  j but  to  oppofe  the  pafiage  of  the  venal  blood,  the  contrary  way ; he 
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imagin’d  that  fo  provident  a caufe,  as  nature,  had  not  thus  placed  fo  many 
valves  without  defign  : and  as  no  defign  feem’d  more  probable  than  that, 
fince  the  blood  could  not  well,  becaufe  of  the  interpofing  valves,  be  fent 
by  the  veins,  to  the  limbs,  it  fhould  be  fent  thro’  the  arteries,  and  return 
through  the  veins,  whofe  valves  did  not  oppofe  its  courfe  that  way. 

Thus,  tho’  the  ancient  anatomifts,  and  phyficians,  believ’d  the  parts  were 
nourilhed  by  the  venal  blood  ; the  modern  writers  teach  them  to  be  nou- 
riflied  by  the  blood,  in  its  paffage  thro*  the  arteries.  Not  that  they  think 
the  blood,  which  runs  thro*  the  veins,  altogether  unfit  to  fupply  the 
parts  with  that  vital  liquor  ; but  becaufe  they  judge  the  veins  to  be 
lefs  fit  for  this  purpofe,  than  the  arteries-,  into  the  latter  whereof  the 
blood  comes  immediately  from  the  left  ventricle  of  the  heart,  agitated, 
and  fpirituous,  and,  by  a brisk  impulfe,  better  fuited  to  anfwer  this  end. 

But  the  writings  of  phyficians,  and  anatomifts,  being  filled  with  inftan*- 
cesof  this  kind,  I forbear  to  mention  any  more. 

PROP.  III. 

It  is  rational , from  the  manifeft  fitnefs  of  fome  things , to  cofmical , or  animd 
ends , to  infer , that  they  were  thereto  ordained  by  an  intelligent  agent . 

Care  feems  to  have  been  taken,  that  the  body  of  an  animal  ftiould  be 
provided  not  only  with  all  things  that  are  ordinarily  neceffary,  and  con- 
venient : but  with  fome  fuper-abundant  provifion  againft  accidents.  Thus, 
tho’  a man  may  live,  and  propagate  his  fpecies,  after  the  lofs  of  an  eye  ; 
yet  nature  furnifhes  us  with  two,  that,  in  cafe  one  be  deftroy’d,  the  other 
may  fuffice  for  vifion.  And  the  like  may  be  faid  of  the  ears.  In  fhort, 
nature  has  furnifh’d  men  with  double  parts  of  the  fame  kind,  where  it 
is  highly  ufeful,  and  may  be  permitted  without  prejudice,  to  the  reft  of 
the  body.  And  this  is  the  more  confiderable,  becaufe,  in  other  parts, 
nature  appears  to  husband  things  fo,  as  to  avoid  doing  what  is  fuper- 
fiuous.  Thus,  within  the  skull,  fome  veffels,  that  would,  in  other  parts 
of  the  body,  have  double  coats,  are  very  thin  j the  skull  being  ordinarily 
fufficient  to  defend  them  from  external  injuries. 

Another  argument,  that  nature  a£ts  with  defign,  about  animals,  may 
be  drawn  from  what  anatomifts  obferve  of  thofe  parts  of  the  womb,  or 
the  foetus,  that  are  to  be  found  but  at  certain  times,  when  there  is  need 
of  them  5 and  not  at  others,  when  they  would  be  ufelefs.  Thus,  when  a 
woman  is  with  child,  the  Vafa  umbilicalia  are  produced  to  be  canals,  ei- 
ther for  the  blood,  or  alimental  juice,  and  fpirits,  that  then  ought  to 
pafs  between  the  womb  and  the  foetus,  by  means  of  the  placenta.  And 
tho’,  as  long  as  the  child  continues  in  the  womb,  thefe  temporary  parts 
continue  with  him ; yet,  as  foon  as  he  comes  into  the  world,  the  umbili- 
cal veffels,  particularly  the  two  arteries,  and  the  vein,  together  with  the 
membranes  they  are  wrapp’d  up  in,  with  the  chorion,  and  the  amnios, 
that  involve  the  foetus,  are  thrown  off,  as  unnecefifary,  and  expell’d  in  the 
after-birth  * there  remaining  only  that  part  of  the  umbilical  veffels  that 
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Ties  within  the  child’s  abdomen,  between  the  navel  and  the  liver*,  where  Physics. 
itsufe  is  confiderable,  tho’  new  ; for  it  ferves  now  no  longer  to  convey  L/Y\j 
blood,  or  an  alimental  liquor,  to  and  fro,  but  degenerates  into  a liga- 
ment. 

Thus,  alfo,  the  Foramen  evale,  gives  paflage  to  the  blood  from  the  right 
ventricle  of  the  heart  to  the  left,  that  the  circulation  of  it  may  be  maim 
tain’d  *,  for  it  cannot  in  the  embryo,  as  in  a born  child,  pafs  thro5  the 
vefiels  of  the  lungs,  from  one  of  the  ventricles  to  the  other : whence  this 
contrivance  feems  to  be  an  expedient  that  nature  employs,  till  the  foetus 
is  excluded  *,  when  that  temporary  conformation  is  obliterated.  For  the 
child,  now  breathing  the  free  air,  is  in  a condition  to  make  the  blood  cir- 
culate thro5  the  pulmonic  vefiels,  according  to  the  primary  intention  of 
nature.  From  which,  and  the  like  inftances,  we  may  infer,  that  thefe 
temporary  parts  were  framed  by  a fore- knowing,  as  well  as  a defigning 
agent ; who  intended  they  fhould  ferve  for  fuch  a purpofe,  and  then  be 
laidafide:  for ’tis  utterly  improbable,  that  an  undefigning  agent  fhould 
fo  appofitely,  and  exquifitely,  frame  fcaffolds  for  a future  building,  if  he 
did  not,  before- hand,  deftine  both  the  one  and  the  other,  to  concur  to  the 
fame  ultimate  effedt. 

Another  argument,  for  our  prefent  purpofe,  may  be  drawn  from  the 
confideration  of  what,  in  animals,  is  commonly  call’d  inftindl : which,  in 
fome  cafes,  more  diredtly  regards  the  welfare  of  the  creature  ; in  others, 
the  propagation  of  the  fpecies;  and,  fometimes  again,  refpedts  both.  The 
writers  of  voyages,  and  natural  hiftory,  recount  ftrange  inftances  of  the 
inftindt  obfervable  in  certain  animals.  But  we  need  not  lay  the  ftrefs  of 
our  argument  upon  dubious,  or  fufpedted  relations  *,  fince  what  I have 
met  with,  in  authors  of  good  authority,  or  receiv’d  from  the  mouths  of 
credible  travellers,  may  ferve  my  prefent  turn  ; efpecially,  if  we  may  take 
the  word  inftindt  in  a latitude,  fo  as  to  comprize  thofe  untaught  methods* 
and  expedients,  that  are  made  ufe  of  by  fome  animals,  to  avoid  dangers* 
provide  for  their  future  neceffities,  or  to  catch  their  prey. 

Surprizing  things  are  related,  not  only  by  poets,  but  by  more  credible 
writers,  about  the  fagacity  and  government  of  bees  *,  in  point,  both  of 
ceconomy,  and  politics.  But  tho5 1 fhall  not  build  any  thing  upon  fuf- 
pedted  authorities,  yet,  having  long  kept  a tranfparent  hive,  and  thereby- 
gained  the  opportunity  to  make  frequent  obfervations  of  the  actions  of 
thefe  little  animals  *,  I confefs,  I difeover’d  fome  things  that  I did  not 
believe  before:  which  induced  me  to  look  upon  them,  as  very  fit  inftances 
of  creatures  endow’d  with  natural  inftindt  and  providence.  For,  ’twerehard 
for  a mathematician,  in  contriving  fo  many  cells  as  bees  make  in  the  area 
of  one  of  their  combs,  to  husband  fo  little  fpace  more  skilfully  than  thefe 
animals.  And  they  not  only  carefully,  and  leafonably,  lay  up  their  ho- 
ney, to  ferve  them  all  the  winter;  but,  curioufiy,  clofe  the  particular 
cells  with  covers  of  wax,  that  keep  the  included  liquor  from  fpilling,  and 
from  external  injuries.  I do  not  here  mention  the  prognoftication  of 
weather  that  may  be  made  in  the  morning,  by  their  keeping  within  their 

hives. 
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Physics,  hives,  or  flying  early  abroad,  to  furnifh  themfelves  with  wax,  or  honey  *, 
L/y\j  or,  by  their  unexpe&ed  return  before  a dorm : becaufe  I fufpecft  that  thefe 
things  are  not  fo  much  the  effe£ls  of  inftindt,  as  of  a tendernefs,  and  quick- 
nefs  of  fenfe  ; fomething  analogous  whereto  may  be  feen  in  a good  wea- 
ther-glafs,  and  is  alfo  to  be  found  in  many  wounded  and  valetudinary  per- 
fons,  who  are  affedled  with  fuch  beginning  alterations  in  the  air,  as  other 
men  perceive  not.  But  among  the  peculiarities  to  be  obferv’d  in  the  con- 
duct of  bees,  ’tis  very  remarkable,  that,  after  a fight,  they  take  up  the 
dead  which  lay  on  the  ground,  and,  as  I have  obferv’d,  fly  away  with 
them  far  from  their  hive. 

Another  obvious  inftance  of  the  inftindt  that  nature  has  given  to  fome 
defpicable  infedts,  may  be  taken  from  ants : for  ’tis  known,  that  thefe 
little  creatures  do,  in  the  fummer,  hoard  up  grains  of  corn  againft  the 
winter.  And  their  fagacity  is  the  more  confiderable,  if  it  be  true  what 
many  learned  men  affirm,  that  they  eat  off  the  germen  of  the  grains  they 
lay  up,  left  the  moifture  of  the  earth,  expofed  to  the  rains,  (hould  make 
them  fprout.  But  whatever  become  of  this  tradition,  thefe  infe&s  perform 
fome  other  adtions  greatly  refembiing  thofe  proceeding  from  fagacity  and 
induftry. 

The  natural  skill  of  fpiders  in  weaving  their  webs,  that  are  fo  fitly  con- 
trived, both  to  catch  their  prey,  and  give  them  immediate  notice  of  its 
being  caught,  is  a thing,  which,  if  it  were  not  familiar,  would  be  look’d 
upon  as  admirable.  And  this  skill  is  not,  as  fome  imagine,  an  effedt  of 
imitating  their  parents  ; for  if  the  eggs  be  taken  away,  and  enclofed  in  a 
glafs,  when  they  come  to  be  hatch’d  by  the  heat  of  the  fun,  the  little 
creatures  will  immediately  fall  to  fpinning  in  the  glafs  itfelf,  as  was  related 
to  me  by  an  eminent  mathematician,  who  made  the  experiment.  And  I 
faw  the  lefs  reafon  to  diftruft  it,  becaufe  having,  by  an  external  heat, 
hatch’d  many  eggs  of  filk-worms,  in  a place  where  there  had  not  been 
any  of  a long  time  before,  nor  probably  ever,  till  then  ; yet  the  worms 
produced  by  thefe  eggs  did  in  autumn,  of  their  own  accord,  climb  up  to 
fuch  convenient  places  as  I had  prepared  for  them,  and  there  weave  thofe 
. curious  oval  prifons  wherein  they  enclofe  themfelves,  and  which  are  unra- 
vell’d  into  extremely  fine  filk. 

But  this  provident  induftry  is  not  confined  to  infedls,  for  ’tis  to  be 
found  in  many  of  the  greater  animals,  particularly  in  the  beaver  ; a 
creature  whereof,  indeed,  many  fabulous  ftories  are  related  : yet  fober 
and  judicious  perfons,  who  were  either  born,  or  lived  in  New-England^ 
where  thefe  animals  abound,  have  aflured  me,  that  the  beavers,  with 
their  ftiarp  teeth,  cut  pieces  of  wood,  and  fit  them  to  their  purpofe  •,  that, 
by  joining  their  labours,  they  lay  thefe  together,  fo  as  to  build  themfelves 
ftrong  winter-houfes  ; in  which  there  is  fometimes  a kind  of  fecond 
ftory  for  the  inhabitants  to  retire  to,  when  the  water  chances  to  overflow ; 
that,  for  thefe  houfes,  they  chufe  a very  convenient  fituation,  juft  by 
fome  river,  or  other  water,  that  can  furnifh  them  with  fifh  *,  and  that 
the  hole  belonging  to  each  houfe  is  placed  juft  by  the  water,  that 
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they  may  immediately  flounce  into  it,  and  fo  fave  themfelves,  when  their  Physics. 

houfes  are  attack’d.  And,  to  facilitate  their  fwimming,  and  the  catching  l/W 

of  their  prey  in  the  water,  nature  has  given  them  two  feet,  not  made  like 

thofe  of  dogs  or  cats,  or  in  the  manner  of  their  other  two,  but  furnilh’d 

with  broad  membranes  betwixt  their  toes,  like  the  feet  of  geefe,  ducks, 

and  other  aquatic  animals,  that  are  to  ufe  them  as  oars,  to  thruft  away  the 

water,  and  facilitate  their  motions. 

The  various  arts  employ’d  by  animals  of  different  kinds,  about  the  ma- 
terials, the  conftru&ion,  and  the  fituation  of  their  nefts,  is  ufually  re- 
markable, and  fometimes  wonderful.  Of  this  skill  we  have  many  emi- 
nent inflances,  but  ’tis  particularly  remarkable,  that  in  countries  abound- 
ing with  apes  and  monkeys,  creatures  very  greedy  of  birds  eggs,  there  is 
a fort  of  bird  whofe  eggs  they  peculiarly  affeft,  that  hang  their  nefts  near 
the  end  of  fome  long  flexible  branches  which  reach  over  the  water,  and  by 
that  means  avoid  their  enemies,  who  cannot  fwim. 

In  the  nefts  of  wafps,  which  they  often,  for  greater  fecurity,  make  un- 
der ground,  I have  obferv’d  a very  curious  and  artificial  ftrudture,  to  con- 
ceal and  fhelter  their  young  ones  till  they  are  ready  to  fly. 

But  the  inftincft  that  nature  has  planted  in  animals  for  their  own  prefer- 
vation,  is  much  inferior  to  that  providence  fhe  has  furniftied  them  with  for 
the  propagation  of  their  fpecies. 

There  are  many  remarkable  things  to  be  met  with  in  the  nefts  of  feve- 
ral  birds,  both  as  to  the  materials,  the  ftrudture,  and  the  fituation  of  the 
places  wherein  they  are  built.  I have  feen  nefts,  and  particularly  fome 
made  in  the  Indies , which  would  raife  a man’s  wonder  how  the  birds  fhould 
find  fuch  odd,  but  commodious  materials  to  build  with.  There  are  birds 
in  the  eaft,  which  make  their  nefts  of  a white  fubftance,  that  looks  almofl: 
like  ifing-glafs,  difloluble  in  liquors,  and  fo  very  well  tafted,  that  it  makes 
the  chief  fauce  ufed  in  the  fouthern  parts  of  India.  The  ftrutture  alfo  of 
the  nefts  of  feveral  birds,  both  as  to  their  figure,  magnitude,  and  accom- 
modations, wherewith  they  are  furnifti’d,  for  warmth  and  foftnefs,  may 
deferve  the  applaufe  of  mathematicians,  efpecially  if  it  be  confider’d  that 
thefe  little  untaught  architects  had  no  tools  to  make  their  curious  buildings 
with,  except  their  bills  and  feet.  Much  more  fore -fight,  however,  ap- 
pears in  the  fituation  of  the  place,  that  fome  birds  make  choice  of  to 
build  their  nefts  in  ; as  may  be  obferv’d,  not  only  in  the  pendulous 
nefts  of  fwallows,  and  the  fecret  ones  of  fome  European  birds  but 
very  confpicuoufly  in  the  hanging  nefts  that  we  lately  mention’d,  to  be  fo 
oddly  placed  by  fome  birds,  to  fecure  their  eggs  from  apes  and  monkeys  j 
and  by  the  fituation  of  the  nefts  ufed  for  fauce  as  we  juft  now  related, 
to  be  found  only  upon  high  and  fteep  rocks  * which  are  fo  faften’d 
to  the  concave  parts  of  them,  that  look  downwards,  and  commonly 
hang  directly  over  the  fea  ; that  there  is  no  getting  them,  without  much 
trouble  and  danger : upon  which  account,  as  well  as  that  of  their  deli- 
cacy, they  are  very  dear,  even  in  the  Eaft-Indies , where  they  are  found. 

The 
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Physics.  The  like  care  to  contrive  their  neds  advantageoufly,  and  make  them  in 
fecure  places,  is  vifible  in  infers  i as  may  be  obferv’d  in  the  fubterraneal 
neds  of  the  wafps,  formerly  mention’d,  and  in  the  eggs  of  fnails,  which 
I have  fometimes  found  hid  under-ground -5  and  have  hatch’d  in  glafles 
furnifhed  with  the  fame  earth  wherein  they  were  found. 

If  I fhould  here  fet  to  view  the  feveral  effedts  and  arguments  of  the 
wonderful  providence,  that  the  mod  wife  author  of  nature  exercifes 
about  the  propagation  of  animals,  by  diftinguifhing  them  into  male  and 
female  ; by  furnifhing  both  fexes  with  mutual  appetites  and  organs  exqui- 
fitely  adapted  to  the  increafe  of  their  kind  ; by  the  admirable  formation  of 
the  foetus  in  the  womb,  without  the  female’s  knowing  how  it  is  per- 
form’d ; by  thedrange  fubtilties  and  courage,  that  feveral  creatures,  either 
oviparous  or  viviparous,  have,  to  hide  and  defend  their  young  *,  by  the 
full  provifion  that  is  made  for  the  nourifhment  of  the  foetus,  and  the  wel- 
fare of  the  female  after  fhe  has  brought  forth  *,  and  the  like : I might  much 
enrich  and  adorn  my  argument.  Butinftead  of  purfuing  a fpeculation, 
that  would  lead  me  too  far,  I fhall  look  back  upon  the  intimation  I lately 
gave,  that  even  thofe  meaner  parts  of  animals,  which  feem  to  have  been 
framed  with  the  lead  care  and  contrivance,  are  yet  worthy  of  their  author. 
For  tho’  the  teeth  be  fome  of  the  lead  elaborate  parts  of  the  human  body, 
yet  even  thele  afford  numerous  phenomena  applicable  to  our  prefent  pur- 
pofe  : but  I fhall  only  tranfiently  confider  a few  of  them. 

And  fird,  ’tis  remarkable,  that  tho’  when  a man  comes  to  his  full 
dature,  all  the  other  bones  of  the  body  ceafe  to  grow,  the  teeth  continue 
to  increafe,  in  length,  during  his  whole  lile.  T his  growth  of  the  teeth 
appears  not  only  by  their  continuing  for  many  year  of  the  fame  length,  but 
by  the  unfightly  (hooting  of  one  tooth,  when  that  which  was  oppofite  to 
it  in  the  other  jaw  is  wanting  ; whence  it  has  liberty  to  fprout  without 
oppofition.  Of  this  difference  in  point  of  growth  betwixt  the  teeth  and 
other  bones  of  the  body,  whatreafon  can  be  fo  properly  aflign’d,  as  its 
being  intended  to  repair  the  daily  wade  of  fubdance,  proceeding  from  the 
frequent  attritions  of  the  upper  and  lower  jaw  in  madication  ? 

2.  Tho’  the  bones  of  the  body  are  generally  inveded  with  a very  thin 
fenfible  membrane  call’d  Periofteum  \ that  part  of  each  tooth,  which  is  not 
cover’d  by  the  gums,  wants  it  *,  which  would  be  fubjedt  to  very  frequent 
and  painful  compreffions  and  lacerations. 

3.  To  enable  the  teeth  to  break  and  make  comminutions  of  the  more 
folid  kind  of  aliment,  nature  has  providentially  framed  them  ofa  clofer  and 
harder  fubdance  than  almod  any  other  bones  in  the  body  ; tho’  thefe  are  fo 
numerous,  that  anatomids  reckon  above  three  hundred  of  them.  And  I 
have  met  with  it  in  authors  of  good  credit,  that  fome  mens  teeth  have 
been  fo  hard,  as,  when  druck  againd  another  fit  body,  to  produce  fparks 
of  fire. 

.4.  That  thefe  bones,  whofe  ufe  is  fo  great,  may  themfelves  be  conti- 
nually nourifh’d  and  fupplied  ; tho’  they  are  fet  in  bone,  the  wife  author 
of  things  has  admirably  contriv’d  a cavity  on  each  fide  of  the  jaw-bone, 

wherein 
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wherein  are  lodg’d  an  artery,  a vein,  and  a nerve  ; which,  thro’  letter  ca-  Physics. 
vities,  fend  their  twigs  to  each  particular  tooth. 

5.  As  infants  are  defign’d  by  nature  to  feed  for  a confiderable  time  on 
milk,  they  remain  long  without  teeth  *,  whilfb  feveral  animals,  which  are 
often  early  reduced  to  feek  aliment  that  is  neither  fluid  nor  fofr,  come  into 
the  world  with  teeth  already  form’d  in  their  jaws. 

6.  The  bony  fubftance  appointed  for  the  comminution  of  the  aliment, 
ought  not,  for  feveral  reafons,  to  be  in  either  jaw  entire,  or  all  of  one  piece  ; 
and  therefore  nature  has  providently  made  for  that  ufe  a competent  num- 
ber of  diftindt  bones  in  either  jaw.  And  becaufe  men  may  have  occafion 
to  feed  often  upon  very  different  forts  of  aliment,  and  becaufe  ufually  the 
fame  aliment  may  require  different  preparations  in  the  mouth,  to  facilitate 
the  digeftion  of  it  in  the  ffomach ; nature  has  provided  men  with  two  rows 
of  teeth,  for  the  moft  part  equal  in  number,  and  correfponding  to  each 
other,  yet  of  different  fhapes,  for  different  ufes ; the  fore-teeth  are  broader, 
and  have  a kind  of  edge,  to  cut  the  more  yielding  fort  of  aliment,  whence 
they  are  call’d  Incifores  \ others  being  ftronger,  and  more  fitly  fhaped  to 
tear  the  tougher  food,  are  term’d  Canini ; there  is  alfo  a third  fort,  whole 
principal  office  ic  is  to  grind  the  aliment  cut  or  torn  by  the  others  : and  for 
this  purpofe  they  are  made  much  broader,  and  fomewhat  flattifh,  with 
their  upper  furfaces  uneven  and  rugged,  that  by  their  knobs  and  little  ca- 
vities they  may  the  better  retain,  grind,  comminute,  and  mix  the  aliment ; 
and  for  this  reafon  they  are  call’d  Molares. 

7.  And  becaufe  the  operations  to  be  perform’d  by  the  teeth  often  re- 
quire a confiderable  firmnefs  and  ftrength,  partly  in  the  teeth  themfelves, 
and  partly  in  the  inftruments  that  move  the  jaw,  wherein  the  lower  fett  of 
them  is  fix’d ; nature  has  provided  the  lower,  or  moveable  jaw,  with  ftrong 
mufcles,  that  it  may  bear  forcibly  againft  the  upper  % and  has  not  only 
placed  each  tooth  in  a d iff  in6t  cavity  of  the  jaw-bone,  as  it  were  in  a clofe, 
ftrong,  and  deep  focket  *,  but  furnifh’d  the  feveral  forts  of  teeth  with  hold- 
faffs  fuitable  to  the  ftrefs,  that  by  reafon  of  their  different  offices  is  to  be 
laid  on  them.  And  therefore  the  Incifores  and  Canini  have  ufually  but  one 
root,  whilft  the  Molares , that  on  many  occafions  are  employ’d  to  break 
hard  bodies  before  they  can  be  ground,  are  furnifhed  with  three  roots,  and 
often  with  four,  in  the  upper  jaw,  whofe  fubftance  is  fomewhat  fofter,  and 
whofe  grinders  ferve  as  fo  many  little  anvils  for  thofe  of  the  lower  to  ftrike 
or  prefs  againft. 

If  it  fhall  be  faid,  that  allowing  tho’  man  is  indeed  advantageoufly  fur- 
nifh’d with  teeth,  yet  there  are  many  other  animals,  fome  whereof  have  not 
near  fo  many  teeth,  nor  fo  commodioufly  fhaped  and  placed  as  his  *,  others, 
that  are  not  furnifh’d  with  any  teeth  at  all ; and  that  feveral  animals 
have  fome  of  their  other  parts  lefs  convenient  in  their  kind,  or  are 
not  otherwife  near  fo  well  provided  for  as  they  would  be,  if  they  were 
not  rather  the  productions  of  chance,  than  of  an  intelligent  and  designing 
agent : I muft  declare,  that  many  particulars  might  be  farther  alledg’d,  to 
fhew  the  final  caufes  of  things  corporeal,  as  the  confideration  of  them  leads 
V,ql.  II.  B b to 
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Physics,  to  a high  veneration  of  their  divine  author  ; and  to  manifeft,  that  when 
v/W  his  providence  is  deny’d  or  condemn’d,  ’tis  for  want  of  due  confideration. 

But  I have  already,  in  great  meafure,  prevented  my felf  in  theanfwering 
this  objection,  by  obviating  fome  exceptions  relating  to  the  eyes  of  man 
and  other  animals.  For  the  confiderations  that  have  been  alledg’d  to  that 
purpofe,  may,  mutatis  mutandis , be  applied  to  the  varieties  to  be  found  in 
the  teeth,  and  other  parts,  of  different  kinds  of  creatures. 

’Tis  known,  that  oxen,  fheep,  are  not  furnifh’d  with  near  fo  many 
teeth  as  men,  horfes,  dogs,  &c.  But  this  defedt,  if  it  be  any,  is  fupplied 
partly  by  the  power  and  inftinft  they  have  to  chew  the  cud,  and  thereby 
make  a fecond  attrition  of  the  aliment,  that  is  already  greatly  foften’d  ; 
and  partly  by  the  fucceflive  cavities,  or  ftomachs,  thro’  which  that  aliment 
is  tranfmitted,  and  by  that  means  elaborated  and  fitted  for  further  ufes. 
The  beaver,  the  tortoife,  the  bee,  and  the  humming-bird,  which  fucks 
the  exudations  of  flowers  with  his  little  long  bill,  like  the  bee,  and  many 
other  animals,  have  their  mouths,  and  their  ways  of  preparing  their  ali- 
ment for  the  ftomach,  very  different  from  what  is  obferv’d  in  men  j and 
yet  each  refpeftively  very  convenient ; all  circumftances  confider’d. 

Thefe,  and  the  like  expedients,  are  in  many  animals  fuch  as  afford 
no  caufe  of  taxing  the  author  of  nature,  for  not  having  given  fome  of  them 
all  the  fame  parts  wherewith  others  are  furnifh’d  ; but  rather,  the  provi- 
dence and  wifdom  of  God,  in  the  contrivance  of  his  vifible  works,  may  be 
as  well  difcover’d  by  the  feeming  omiflion  of  this  or  that  part,  ufeful  to  other 
animals,  but  unneceffary  to  thofe  wherein  it  is  not  found  *,  as  by  granting 
thofe  parts  to  fuch  animals,  whofe  compleatnefs  or  welfare  they  are  ne- 
ceffary  or  highly  conducive  to  : and  therefore  *tis  not  ftrange,  that  he  has 
not  given  to  men,  and  many  forts  of  birds,  fuch  tough,  tranfparent,  and 
moveable  membranes,  as  frogs  are  provided  with,  to  defend  their  eyes 
from  fuch  accidents  as  the  others  are  not  ufually  expofed  to. 

Bats  are  efteem’d  a contemptible  fort  of  creature,  yet  they  may  afford  us 
a confiderable  argument  to  our  prefent  purpofe.  For  we  have  here  an  ani- 
mal that  flies  like  a bird,  tho’  it  wants  feathers,  and  has  a fabric  quite 
different  from  that  of  birds.  And  here  too,  we  may  obferve  the  compen- 
fation  that  is  made  for  parts  that  feem  either  deficient,  or  lefs  advan- 
tageous, than  thofe  of  the  fame  denomination  in  other  birds  ; as  alfo  the 
regard  which  the  divine  artifl:  appears  to  have  to  the  fymmetry  of  parts 
in  his  animated  works,  and  to  their  fitnefs  to  the  places  they  are  to  fre- 
quent. For  the  bat  being  to  aft  fometimes  like  a bird,  and  on  fome  occa- 
fions  like  a terreftrial  animal,  or  moufe,  heoughttobe  furnifh’d  with  parts 
fuitable  to  fuch  different  defigns  : and,  therefore,  the  want  of  feathers  in 
his  wings  is  fupplied  with  a broad  membranous  expanfion,  and  a kind  of 
toes  furnifh’d  with  articulations.  And  becaufe  this  animal  was  to  forbear 
fettling  on  the  ground,  otherwife  than  his  occalions  required,  each  of  his 
wings  is  furnifh’d  with  a ftrong  crook,  like  the  claw  of  a bird’s  foot ; by 
the  help  of  which,  he  can  fallen  to  trees,  walls,  CrV.  and  there  keep  him- 
fdf  at  what  diftance  he  pleafesfrom  the  ground,  And  as  he  is  furnifh’d 
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with  teeth,  which  other  birds  want,  to  chew  his  food,  and  thereby  pre-  Ph  ysics. 
pare  it  for  digeftion ; he  needs  no  crop,  or  fuch  a ftrong  mufcular  fto- 
mach,  as  is  ufually  found  in  birds. 

In  fhort,  to  omit  the  peculiar  ftrudlure  of  other  internal  parts,  wherein 
the  bat  differs  from  other  birds  ; fincethe  female  was  not,  like  them,  to 
be  oviparous;  but,  like  mice,  and  other  quadrupeds,  to  bring  forth  her 
young  ones  alive  ; fhe  is  not  only  furnifhed  with  an  uterus,  fitted  for  that 
purpofe ; but,  in  regard  fhe  does  not  exclude,  together  with  the  foetus,  a 
competent  flock  of  aliment,  tonourifhit,  till  it  can  fhift  for  it  felf;  the 
bat  is  furnifhed  with  teats  to  give  fuck : and  ’tis  obferv’d,  that  as  fhe  has 
but  two  of  thefe,  fo  fhe  brings  forth  but  two  young  ones  at  a time  5 while 
mice  are  much  more  prolific. 

The  writers  of  natural  hiflory,  and  travellers,  afford  numerous  inftan- 
ces  of  the  various,  and  excellent  contrivances,  that  are  to  be  found  in  ani- 
mals differing  from  man,  in  the  fabric  of  the  mouth,  and  other  parts,  fub- 
fervient  to  the  preparation  and  digeftion  of  their  aliment. 

But,  to  be  filent,  as  to  the  mouths  of  tortoifes,  camelions,  &e.  the 
hardnefs  of  whofe  gums,  with  regard  to  their  aliment,  fupplies  the  want 
of  teeth,  there  is  an  American  beafl,  which  ferves  as  a notable  inflance,  to 
manifefl  how  the  wife  alrchitedl  can  compenfate  the  want  of  teeth,  by 
the  rare  ftrudlure  of  the  mouth  and  tongue  ; and  their  fitnefs  to  feize,  and 
make  ufe  of  that  aliment,  which,  tho’  uncommon  for  a beafl  of  his  bulk, 
he  feems  to  have  been  deftined  to  live  upon.  The  animals  of  this  kind 
are,  by  Hernandus , call’d,  Achoas , and  Tamendoas  ; and,  of  thefe,  he  fays, 

<c  they  are  quadrupeds,  about  the  fize  of  lambs,  whofe  bellies  almoft 
“ touch  the  ground  ; that  they  have  no  teeth  at  all,  but  live  upon  ants  ; 

<c  whofe  hillocks  they  turn  up  with  the  two  large  claws  they  have  fixed 
<l  to  their  fore-feet,  and  then  thrufting  out  their  long  rough,  cylindrical 
“ tongue,  they  roll  it  upon  as  many  as  they  can,  and  fo  draw  them  into 
“ their  mouth,  which  is  exceeding  narrow.”  Pifo  adds,  that  <6  their 
<c  tongue,  which  is  fometimes  two  feet  in  length,  lies  doubled  up  in  a 
“ cavity,  between  the  fides  of  the  lower  jaws ; which,  in  order  to  catch 
<c  their  prey,  they  thrufl  into  the  trunks  of  trees,  and  there  fufler  it  to 
€t  continue,  with  a moiflure  upon  it,  till  cover’d  with  ants  ; and  then  fud- 
“ denly  draw  them  with  it  into  their  mouths.” 

5Tis  alfo  to  be  confider’d,  that  many  things  may  be  ufeful,  in  an  or- 
ganical  part,  befides  thofe  whereby  its  office  is  primarily  and  chiefly  per- 
form’d. Thus,  tho*  the  eye-lids,  and  their  motions,  together  with  the 
littleglands  that  belong  to  them,  are  not  atall  neceffary  to  the  adt  of  vifion ; 
yet  they  are  to  the  compleatnefs,  and  welfare  of  the  eye:  as  is  manifefl 
by  the  pain  and  prejudice  that  organ  receives,  if  the  eye-lids  be  confide- 
rably  diforder’d. 

But,  befides  thofe  ufes  of  the  parts  of  a human  body,  which  I call  ana- 
tomical, becaufethey  are  fuch  as  anatomifls  have  difcover’d,  by  mere 
difledlion ; there  may  be  feveral  others,  which  I term  chymical,  becaufe 
thefe  parts  prepare  fpirits  of  feveral  forts,  and,  perhaps,  perform  other 
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Physics,  operations,  very  important,  if  not  necefiary,  to  the  welfare  of  a living 
man. 

And  there  may  ftill  be  other  ufes,  very  proper  to  be  confider’d,  in  fome 
parts  of  a human  body  *,  as  the  mechanical  advantages  for  which  the  va- 
rious fhapes  and  ftrudtures  of  different  mufcles,  the  feeming  irregular  fa- 
bric of  the  bones,  and  efpecially  of  the  procefles  and  protuberances,  are 
admirably  fitted  ; and  in  fome  parts  too  there  are  peculiar  ones:  as  for  in- 
ftance,  optical  ones  in  the  eyes,  which  muff  be  confider’d,  before  the  de- 
fign  of  nature  therein  can,  without  rafhnefs,  be  cenfured. 

Thus  tho’  the  figure  of  the  cryftalline  humour  be  much  more  fpherical 
in  moft  fifh  than  in  men,  and  other  terreflrial  animals  ; yet  he  who  un- 
derftands  the  dodtrine  of  refra&ions,  and  confiders  that  filh  under  water 
are  to  fee  thro’  a far  thicker  medium  than  air,  will  readily  acknowledge 
that  this  difference  between  their  eyes,  and  thofe  of  men,  is  not  an  imper- 
fection in  the  former,  but,  whilft  thofe  creatures  are  in  their  own  element, 
a great  advantage. 

And,  to  be  fhort,  I think  there  are  fo  many  fciences,  and  other  parts 
of  knowledge,  fome  of  them  perhaps  fcarce  yet  difcover’d,  that  may  be 
requifite  to  warrant  a man  in  cenfuring  the  ends  of  God,  in  the  bodies  of 
animals,  that  very  few  men  are  qualified  to  condemn  them  juftly  •,  and 
thofe  who  have  knowledge  enough  to  judge  right,  will  not  be  forward  to 
condemn,  but  admire  them.  Thus  men  may  eafily  be  too  rafh,  in  think- 
ing a part  inartificially  framed,  upon  fuppofition  that  by  the  anatomical 
diifedtion  of  it  they  know  all  the  ufes  whereto  the  skill  of  the  divine  artift 
could  defign  it. 

And  it  will  not  necefiarily  follow,  that  becaufe  in  fome  particular  bird, 
or  beaff,  or  fifli,  we  are  unable  to  fay  why  this  or  that  part  is  not  to  be 
found,  or  why  it  is  otherwife  framed  or  fituated  than  that  which  is  analo- 
gous thereto  in  man*,  it  muff  therefore  be  cafually  or  undefignedly  framed, 
or  placed  ; fince  we  cannot  expedt,  from  brute  animals,  anfwers  to  thofe 
proper  queftions  about  their  own  bodies,  which  we  can  receive  from  men 
about  theirs.  Nay,  notwithflanding  the  great  diligence  with  which  the 
more  curious  phyficians  are  obliged  to  cultivate  anatomy,  and  the  frequent 
opportunities  they  have  to  do  it,  and  to  inquire  of  living  men  about  what 
they  obferve,  and  feel,  when  the  natural  ufe  of  their  parts  is  hinder’d  or 
perverted  ; yet  we  are  to  this  day  at  a lofs  as  to  the  true  ufes  of  the  vifible 
parts  of  the  body,  to  fay  nothing  of  the  invifible  ones.  So  that  ’tis  no 
wonder  if  in  animals,  whofe  fabric  we  have  much  lefs  concern  to  inquire 
into,  and  much  lefs  opportunity  to  examine,  we  fometimes  find  parts,  of 
whofe  ufes  and  fitnefs  men  are  hitherto  unable  to  give  a fatisfadlory  ac- 
count. For  even  in  man  himfelf,  tho’  there  be  numerous  valves  found  in 
his  veins,  yet  for  thofe  many  ages  that  the  true  ufes  of  them  were  unknown, 
an  Epicurean  phyfician  might  have  thought  he  had  reafon  to  look  upon 
them  as  fuperfluous  parts ; which,  fince  the  circulation  of  the  blood  is  dif- 
cover’d, are  acknowledg’d  of  the  greateft  utility, 


And, 
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And,  fince  God  is  both  a mod  free,  and  a mod  wife  agent,  it  need  not  Physics. 
feem  llrange  that  he  fhould  adorn  fome  animals  with  parts  or  qualities  that  ’ 

are  not  neceflary  to  their  welfare,  but  that  feem  defign’d  for  their  beauty  *, 
fuch  as  the  difpofition  of  the  camelion  to  change  his  colour,  and  the  lovely 
green,  blue,  yellow,  and  other  vivid  colours,  that  adorn  fome  forts  of 
pigeons,  parrots,  and  the  fmaller  birds,  and  efpecially  that  admirable  lit- 
tle creature  the  humming-bird. 

On  the  other  fide,  God’s  wifdom  fometimesfeems  to  be  provident,  and 
follicitous,  not  to  bellow  on  an  animal,  or  a part  of  it,  more  than  is  necef- 
fary  for  the  ufe  whereto  either  is  defign’d.  Thus  the  veins  are  by  anato- 
mifts  obferv’d  to  have  but  one  coat,  and  ufually  to  lie  more  expoled  than 
the  arteries  that  accompany  them,  which  have  llronger,  and  double  coats, 
becaufe  they  are  to  convey  a more  important  liquor,  which  liquor,  befides 
that  ’tis  more  agitated  and  fpirituous,  is  forcibly  impell’d  into  them,  by 
the  llrong  mufcular  contraction  of  the  heart.  And ’tis  obfervable,  that 
tho’  the  nerves  ufually  lie  deep,  to  be  kept  both  fafe  and  warm,  being  very 
liable  to  be  offended  both  by  cold  and  the  conta&of  external  bodies  *,  yet 
as  ’tis  neceflary  that  the  optic  nerve  fhould  expand  itfelf  into  the  eye,  the 
membranes  which  invell  that  nerve,  and  other  coats  of  the  eye,  except  the 
retina,  are  madevallly  more  firm  than  the  Dura , and  the  Pia  mater, whence 
they  proceed  ; and  tho*  expofed  to  the  free  air,  are  lefs  fenfible  of  the  cold 
than  moll  parts  of  the  body,  and  will  bear,  without  danger,  feveral  li- 
quors, and  other  offenfive  things,  whofe  pungency  would  put  other  nerves 
of  the  body  into  convulfive  motions. 

This  conduct  makes  it  feem  as  if  God,  like  an  excellent  writing-mailer, 
did  in  the  great  volume  of  his  creatures  intend  to  bellow  on  fome  of  them 
things  rather  ornamental  than  necelfary,  as  flourifhes  on  the  capital  letters 
of  nature;  and  fometimes  to  employ  characters  of  different  fhapes,  to 
Hand  for  the  fame  letters;  and  fometimes,  alfo,  to  employ  abbreviations, 
to  exprefs,  in  lhort,  that  which  might  be  very  jultifiable,  had  it  been  more 
fully  delineated. 

And  if  we  allow,  as  ’tis  very  probable,  that  God  defign’d,  by  the  great 
variety  of  his  works,  to  difplay  to  his  intelligent  creatures  the  great  abun- 
dance of  his  wifdom  ; ’tis  obvious  that  much  of  the  variety  obfervable  in 
the  analogous  parts  of  animals,  may  be  very  conducive  to  fo  comprehen- 
five  a view  ; whereto  the  beauty  of  fome  creatures,  and  parts,  as  well  as 
their  more  necelfary  or  convenient  llruChire,  may  be  fubfervient ; efpe- 
cially if  the  innocent  delight  of  man  be  alfo  intended,  as  itfeemsto  be,  in 
the  curious  colours  and  lhapes  of  feveral  flowers,  in  the  melodious  mulic 
of  birds,  and  in  the  vivid  and  curioufly  variegated  colours  of  the  feathers 
of  feveral  winged  animals  ; particularly  thofe  that  make  up  the  peacock’s 
train. 

’Tis  worth  our  obferving,  that  we  are  not  near  fuch  competent  judges 
of  wifdom,  as  of  jullice  and  veracity,  which  are  eftimated  by  eternal  and 
fixed  bounds,  or  rules,  very  intelligible  to  a moderate  underllanding. 

But  as  for  wifdom,  the  more  profound  it  is,  the  lefs  we  are  able  to  look 

thro9 

i 


Final  Caufes  of  Natural  Things. 

thro’  it,  penetrate  to  the  bottom  of  it,  and  judge  knowingly  of  its 
adlions.  And  therefore,  tho’  we  may  fafely  conclude,  that  God  a<5ts 
wifely,  when  he  does  any  thing  that  has  an  admirable  tendency  to  thofe 
ends,  we  juftly  fuppofe  him  to  have  defign’d  •,  yet  we  cannot  fafely  com 
elude  in  the  negative,  that  this,  or  that  is  unwife,  becaufe  we  do  not  dif- 
cern  a wife  tendency  therein.  For  fo  wife  an  agent  may  have  other  de- 
figns  than  we  know  of,  and  further  aims  than  we  can  difeern,  or  fufpedt  ; 
and  may  have  at  hand,  orfurnifh  himfelf  with  fuch  means  to  compafs  his 
ends,  and  that  even  by  the  co-operation  of  what  we  think  ufelefs,  or 
improper,  as  are  far  above  the  reach  of  our  conjectures ; and  without 
the  knowledge  of  which,  we  rafhly  cenfure  the  wifdom  of  his  proceed- 
ings. 

In  the  double  horizontal  dial,  formerly  mention’d,  it  would  be  rafh 
of  any  to  condemn,  or  defpife,  the  various  lines  they  find  traced  upon  that 
ufeful  inflrument,  becaufe  they  fee  they  are  not  neceffary  to  fhew  the 
hour  of  the  day  *,  fince  the  mathematician,  who  drew  thofe  lines,  may  be 
well  fuppofed  to  have  more  ends  than  one,  or  two,  in  making  the  inftru- 
ment  •,  and  not  to  have  drawn  them  by  chance,  or  unskilfully,  tho*  the  in- 
confiderate  cenfurers  do  not  know  for  what  other,  or  farther  purpofes, 
the  artift  may  have  defign’d  them. 

Suppofe  fome  Indian  fifher-man,  unacquainted  with  European  arts  and 
affairs,  fhould  come  on  board  a man  of  war,  under  fail ; he  would  quick- 
ly perceive,  by  the  ufe  made  of  the  tackling,  that  this  floating  build- 
ing was  very  artificially  contrived  ; yet,  if  he  fhould  fix  his  eyes  upon  one 
of  the  guns,  or  the  anchors,  and  perceive  that  no  ufe  was  made,  or 
likely  to  be  made  of  them,  in  failing,  he  would  be  ftrongly  tempted  to 
think,  that  thofe  heavy  mattes  were  ufelefs  clogs,  and  burdens  to  the 
vefiel.  But  if  he  were  told  the  necettity,  and  ufefulnefs  of  the  guns,  for 
defence;  and  of  the  anchors,  to  flay  the  fhip  in  ftorms;  he  would  pre- 
fently  alter  his  mind,  andconfefs,  that  he  had  blamed  the  contrivers  for 
that,  which  nothing  but  his  ignorance  kept  him  from  commending. 

I have  dwelt  the  longer  on  this  third  propofition,  becaufe  I think  it  a 
duty,  that  our  reafon  owes  to  its  author,  to  endeavour  to  vindicate  his 
manifold  wifdom,  in  this  libertine  age ; wherein  too  many,  who  have 
more  wit  than  philofophy,  labour  upon  Epicurean , and  fome  even  upon 
Cartejian  principles,  to  depreciate  the  wifdom  of  God  ; whilft  others  pre- 
fume to  cenfure  his  contrivances,  in  the  bodies  of  animals. 

I had  alfo  a defire,  that  the  reader  fhould  not  barely  obferve  the  wif- 
dom of  God,  but  actually  be  convinc’d  of  it.  To  which  purpofe,  in  my 
opinion,  ’tis  very  conducive,  if  not  necettary,  befides  general  notions,  to 
obferve,  with  attention,  fome  particular  inftancesof  the  divine  skill,  where- 
in it  is  confpicuoufly  difplay’d.  ’Tis  true,  that  in  the  idea  of  a Being 
infinitely  perfedt,  boundlefs  wifdom  is  one  of  the  attributes  inclu- 
ded : but,  for  my  part,  I am  of  opinion,  that  this  general  and  indefinite 
idea  of  the  divine  wifdom,  will  not  give  us  fo  great  a veneration  for  it, 
as  may  be  produced  in  our  minds,  by  knowing,  and  confidering  the  admi- 
rable 
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rable  contrivances  of  the  particular  productions  thereof;  and  exqui-  Ph ysics. 
fite  fitnefs  for  thofe  ends  and  ufes,  to  which  they  appear  to  have  been 
defign’d. 

PROP.  IV. 

We  ought  not  to  he  hajly  in  concluding  upon  the  particular  ufe  of  a thing , or  the 

motive  which  induced  the  author  of  nature  to  frame  it  in  a peculiar  manner . 

It  has  been  already  fhewn,  that  fome  parts  are  fo  excellently,  and  ma* 
nifeftly  fitted  for  a certain  ufe,  and  fomuch  better  adapted  to  that,  than 
to  any  other  ; as  to  make  it  feem  perverfe,  to  doubt  of  its  being  defign’d 
thereto.  But  the  like  cannot  be  faid,  in  general,  of  all  the  parts  of  the 
body  ; efpecially  of  the  internal.  There  are  many  ufes,  either  necefTary, 
or  highly  conducive  to  the  welfare  of  the  animal,  that  have  no  part  fo 
much  more  confpicuoufly  fitted  for  them  than  another,  as  to  leave  it  eafy 
to  determine  the  true,  and  primary  offices  thereof;  efpecially,  with  fo 
much  certainty,  as  thereon  to  ground  philofophical  inferences.  And,  of 
this  difficulty,  I conceive,  there  may  be  four  reafons ; tho’  they  do  not  all 
occur  in  each  particular  cafe. 

And,  firft,  the  whole  animal  itfelf,  that  we  confider,  is  a part  of  the 
univerfe  ; and,  therefore,  cannot  well  be  fuppofed  to  have  been  framed, 
and  furnifh’d  with  the  parts  ic  confiflsof,  merely  for  its  own  fake.  And, 
when  we  fay,  that  all  its  parts  are  contriv’d  to  the  bed  advantage  to  the 
animal ; I conceive,  this  is  to  be  fo  underftood,  in  a limited  fenfe  ; that 
the  parts  are  excellently  framed  for  the  welfare  of  the  animal,  as  far  as 
that  welfare  is  confident  with  the  general  ends  of  the  author  of  nature,  in 
the  conditution,  and  government  of  the  univerfe ; which  ends,  becaufe 
they  relate  to  the  whole  world,  I call  cofmical.  It  has  not,  indeed,  been 
prov’d,  that  none  of  thefe  cofmical  ends  are  difcoverable  by  us  .*  however, 
to  difcover  them  all,  is  no  eafy  task.  Yet,  it  feems  prefumptuous  to  fup- 
pofe,  that  the  welfare  of  particular  animals  is  any  farther  defign’d,  and 
provided  for,  than  will  confid  with  the  cofmical  ends  of  the  univerfe,  and 
the  courfeof  God’s  general  providence ; to  which  his  particular  providence 
ought,  in  reafon,  to  be  fubordinate.  And,  tho’  it  feems  great  rafhnefs 
in  men,  to  determine  pofitively,  and  exclufively  of  others,  what  ends  the 
omnifcient  creator  propofed  to  himfelf,  in  giving  to  the  world  its  prefen t 
frame;  yet,  as  far  as  I can  hitherto  difcern,  I fee  nothing  more  likely  to 
have  been  one  grand  motive  of  fo  great  a variety,  as  we  obferve  in  his 
corporeal  works,  efpecially  in  animals,  than  that  he  might,  by  fo  many 
very  different  contrivances  as  are  to  be  met  with  in  the  ftru&ure  of  men, 
quadrupeds,  birds,  fiffi,  reptils,  &V.  exercife  and  difplay  his  manifold 
wifdom.  As  man,  even  upon  account  of  his  body,  is  acknowledg’d  the 
mod  perfect  of  animals ; if  God  had  barely  defign’d  to  give  every  crea- 
ture the  moft  advantageous  ftrudture,  it  feems,  that  he  ffiould  have  made 
no  other  animals  than  men.  But,  then,  there  could  not  have  been  that 
diverfity  of  contrivance  among  living  automata,  which  fo  greatly  recom- 
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Physics,  mends  the  wifdom  of  him  who  could  frame  fo  many  and  fo  differing  ani- 

^/YV  mals,  tho’  not  all  equally  perfedt,  yet  all  admirably  furnifh’d  for  thofe 
purpofes  to  which  he  defign’d  them.  It  does  not  therefore  argue  any  want 
of  providence,  that  he  has  not  furnifh’d  man  with  wings,  fifh  with  feet, 
and  birds  with  fins  and  fcales  •,  becaufe  thefe  parts  would  have  been  either 
ftiperfluous,  or  burdenfome,  or  unfuitable  to  his  defign  of  fitting  fome  ani- 
mals to  live  on  the  earth,  and  others  in  water:  and  if  he  defign’d  any  to 
inhabit  both,  he  furnifhes  them  with  parts  of  a peculiar  ft ru 61  ure,  as  was 
formerly  noted  of  the  beaver.  Were  it  not  for  this  confideration,  it 
would  be  hard  to  aftign  the  reafon  why  vegetables  are  not  the  food  of  all 
animals,  but  that  fome  fhould  be  carnivorous,  and  furnifh’d  with  appe- 
tites and  organs  to  devour  others,  and  live,  as  birds  and  beads  of  prey, 
upon  the  weaker.  And  ’twill  be  hard  to  fhew  why  even  in  animals  of  the 
fame  kind,  the  fafety  of  fome  fhould  be  fo  much  better  provided  for  than 
that  of  others  ; as  we  fee  fome  ants  and  glow-worms  furnifh’d  with  wings, 
and  others  not.  And  even  in  our  own  fpecies,  thofe  of  the  female  fex  are 
not  fo  happily  framed,  in  order  to  their  own  welfare,  as  males  ; fince  the 
uterus,  &c.  which  are  not  neceffary  to  the  good  of  individuals,  but  to 
the  propagation  of  the  fpecies,  fubjeft  that  tender  fcx  to  a fett  of  difeafes 
peculiar  to  them.  So  that  men  may  fometimes  miftake,  when  they  pe- 
remptorily conclude  that  this  or  that  part  of  an  animal  muft  or  cannot 
have  been  framed  for  fuch  a particular  ufe,  without  confidering  the  cofmi- 
cal,  primary,  and  over- ruling  ends,  that  may  have  been  defign’d  by  nature 
in  the  conftrudlion  of  the  whole  animal. 

2 J/y,  Men  fometimes  erroneoufly  conclude,  that  fuch  an  office  cannot 
belong  to  fuch  a part,  becaufe  they  think  it  is  not  fo  commodioufly 
framed  for  it,  as  might  be  wiffi’d  *,  without  confidering  whether  the 
ftrudture  they  propofe  would  not,  in  fome  other  as  confiderable  refpedt, 
oppofe  the  welfare  of  the  animal ; or  whether  it  would  be  confident  with 
the  other  ufes  defign’d  by  nature  in  that  fort  of  creature.  For  in  the 
living  works  of  fo  excellent  an  archite6f  as  nature,  it  muft  not  be  ex- 
pe6ted  that  any  particular  end  fhould  be  profecuted,  to  the  prejudice  of 
the  whole  ; but  it  muft  rather  be  fuppos’d  that  fhe  aims  not  only  at 
particular  expedients,  but  universal  fymmetry,  while  fhe  excellently  fits 
the  feveral  parts  for  their  refpe6tive  offices,  tho*  only  fo  far  as  a due 
regard  to  the  defign,  and  welfare  of  the  whole,  will  permit.  Thus,  as 
we  before  obferv’d,  tho’  man  be  allow’d  the  molt  perfe6tly  framed  of  any 
animal  in  the  world,  yet  his  body  is  not  made  the  model  for  nature  to 
form  the  correfpondent  parts  of  other  animals  by.  The  lungs  of  a dog, 
a bird,  a frog,  a viper,  &c.  are  of  a ftru6lure  very  different  from  thofe 
of  man.  He  is  not  furnifh’d  with  fo  many  ftomachs  as  an  ox,  or  a 
fheep*,  becaufe  nature  intended  not  that  he  fhould  ruminate  like  them. 
And  tho’  his  gall  be  lodg’d  in  a peculiar  bag,  within  the  liver  •,  yet  ’twere 
rafh  to  lay  that  the  fecretion  of  the  bile  is  none  of  the  ufes  of  thofe  livers, 
wherein  fuch  a cyftis  is  not  to  be  met  with  j fince,  in  fome  animals,  as 

in 
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in  horfes  and  pigeons,  that  bitter  humour  is  not  ufually,  as  in  man,  col-  Physics. 
le<fted  into  one  bag  : and  tho’  it  be  fo  in  vipers,  yet,  as  far  as  I have  ob- 
ferv’d,  the  containing  cyftis  does  not  at  all  touch  the  liver. 

3^/31,  ’Tis  difficult  to  determine  the  true  and  primary  ufe  of  a part  j be- 
caufe  nature  often  fits  one  part  for  feveral  ufes. 

And,  4 thly9  It  lometimes  increafes  the  difficulty,  that  nature  may  com- 
pafs  the  fame  ends  by  feveral  means,  each  of  them  fufficiently  commo- 
dious. I join  thefe  two  obfervations  together,  becaufe  in  effect  they  often 
concur  to  render  it  hard  to  determine  the  true  ufe  of  a part.  Neither  does 
nature  conflantly  employ  only  one  part  to  perform  a particular  office ; but 
the  defign’d  efied  is  fometimes  produced  by  a feries  of  fucceffive  opera- 
tions, to  which  feveral  parts  may  differently  contribute. 

Neither  the  mechanifm  of  a human  body,  nor  of  very  confiderable  parts 
thereoflis  to  be  affign’d  from  the  bare  ftrudure  of  the  vifible  matter,  whe- 
ther folid  or  fluid,  to  be  found  in  the  veffels  and  cavities  of  a dead  body, 
skilfully  differed.  For  the  body  of  a living  man  is  a very  compounded 
engine,  many  of  whofe  fundions  are  perform’d,  not  by  the  blood,  and 
other  vifible  fluids,  barely  as  they  are  liquors,  but  partly  by  their  circu- 
lation, and  other  motions,  and  partly  by  a very  agile  and  invifible  fort  of 
fluids,  call’d  fpirits  animal  and  vital ; partly,  perhaps,  by  little  fpringy 
particles,  by  fomewhat  that  may  be  call’d  die  vital  portion  of  the  air,  and 
by  things  analogous  to  local  ferments : the  important  operations  of  all 
which,  ceafe  with  life,  and  the  agents  themfelves  are  not  to  be  difcern’d  in 
a dead  carcafs.  So  that,  befides  thofe  manifeft  ufes  which  the  vifible  fabric 
of  the  engine  may  fuggeft  to  an  anatomift,  there  may  be  chymical  ufes  of 
fome  parts  that  ferve  for  the  elaboration  of  fpirits,  and  other  fluids ; which 
ufes,  as  we  formerly  obferv’d,  are  not  fuggefted  to  the  anatomift  by  the 
infpedion  of  the  ftrudure  of  the  parts,  but  to  difcern  them  may  require 
no  ordinary  skill  in  chymical  principles  and  operations. 

Such  confiderations  as  thefe  lead  me  to  think  it  exceeding  difficult  to  de- 
termine with  any  certainty  the  principal  ufe  of  many  particular  parts,  ef- 
pecially  if  other  ufes  be  excluded.  It  is  not  enough  to  fecure  us,  that  we 
underftand  the  chief  function  and  end  of  a part,  to  know  that  it  is  contri- 
ved for  fuch  a purpofe  ; fince  this  fitnefs  hinders  not  but  that  the  primary 
ufe  of  the  part  may  be  another  more  conducive  to  the  general  welfare  of 
the  animal,  or  the  cofmical  ends  of  nature.  And  it  ought  not  to  feem 
ftrange  that  fome  pieces  of  workmanftiip,  confiding  of  many  parts,  all 
of  them  curioufly  contrived,  fhould,  by  one  learned  man,  be  guefs’d  to 
be  defign’d  for  this  ufe,  and  by  others  for  that ; while  both  of  them  may 
be  worthy  of  the  artificer. 

When  fome  very  politic  prince  does  a great  thing,  without  declaring 
why  ; the  gueffes  of  the  ftatefmen  are  often  very  different,  tho’  none  of 
them  afcribe  to  him  a defign  unbecoming  a wife  man.  So  when  a learn- 
ed author  expreffes  himfelf  ambiguoufly,  one  reader  interprets  his  words 
to  this  lenfe,  and  another  to  that  j yet  both  of  the  fenfes  pitch’d  on, 

VoL.II.  Cc  may 
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may  fairly  agree  with  the  context,  and  the  main  fcope  of  the  writer.  This- 
I fay,  becaufe  I would  by  no  means  difparage  the  wifdom  of  nature,  by 
propofing  the  difficulties  I have  hitherto  mentioned,  tho’  I confefs,  that 
upon  the  account  of  them,  andfome  others,  I look  upon  many  of  the  ar- 
guments that  feveral  authors  draw  from  final  caufes,  but  as  conjectures. 
And  in  many  cafes  I allow  what  is  fuggefted  to  me,  upon  the  fuppofition 
of  the  intended  ufes  of  particular  parts,  rather  as  proper  hints  to  excite 
and  diredt  a more  thorough  inquiry,  than  as  fafe  grounds  to  build  phyfical 
conclufions  on. 

PROP.  V. 

fTitf  naturalift  fhould  not  fuffier  the  fearch , or  difcovery , of  final  caufes , to 
make  him  undervalue , or  negleft^  the  inquiry  after  their  efficients, 

3Tis  true,  to  inquire  for  what  purpofe  nature  would  have  particular  ef- 
fects produced,  is  a curiofity  worthy  of  a rational  creature.  But  this  is 
not  the  proper  task  of  a naturalift,  whofe  work  is  not  fo  much  to  difcover 
the  manner  wherein,  as  for  what  reafon  particular  efteCts  are  produced. 
Thus  an  ignorant  ruftic  in  England  knows  fomething  of  a watch,  if  he  is 
able  to  tell  you  that  ’tis  an  inftrument  made  to  meafure  time  ; which  is 
more  than  every  American  fa vage  would  be  able  to  fay,  and  more  than  thofe 
civiliz’d  Chinefe  knew,  who  took  the  firft  watch  they  faw  for  a living  crea- 
ture: yet  the  Englifh  ruftic,  who  knows  no  more  of  a watch,  than  that 
a£was  made  to  fhew  the  hour  of  the  day,  underftands  but  very  little  of  the 
nature  of  that  machine.  And  as  the  two  things  men  aim  at  in  phyftcs, 
are  to  underftand  after  what  manner  nature  produces  the  phenomenon  we 
contemplate  ; and,  in  cafe  it  be  imitable  by  us,  how  we  may,  if  occafion 
requires,  produce  the  like  effeCt,  or  come  near  it;  thefe  ends  cannot  be 
attain’d  by  the  bare  knowledge  of  the  final  caufes  of  things,  nor  of  the 
general  efficient.  But,  to  anfwer  thofe  intentions,  we  muft  know  the  par- 
ticular efficients,  with  the  manner  and  progrefs  of  their  operating,  and 
what  difpofitions  they  either  find,  or  produce  in  the  matter  they  work  on. 
Thus,  he  who  would  thoroughly  underftand  the  nature  of  a watch,  muft 
not  reft  fatisfy’d  with  knowing,  in  general,  that  a man  made  it  for  fuch 
ufes  ; but  he  muft,  particularly,  know  of  what  materials  the  fpring,  the 
wheels,  the  chain,  and  the  balance  are  made  ; he  muft  know  the  num- 
ber of  the  wheels,  their  magnitude,  fhape,  fituation,  and  connexion,  in 
the  engine,  and  after  what  manner  one  part  moves  another,  in  the  whole 
feries  of  motions,  from  the  expanfive  endeavour  of  the  fpring,  to  the  re- 
volutions of  the  index  that  points  the  hours.  And  much  more  muft  a 
mechanic  know  all  this,  if  he  means  to  make  a watch  himfelf,  or  to  give 
fufficient  inftrudtions  for  it  to  be  made.  In  fhort,  the  neglect  of  efficient 
caufes  would  render  philofophy  ufelefs  ; but  the  ftudious  fearch  after 
them  will  not  prejudice  the  contemplation  of  final  caufes.  For  the  wife 
author  of  nature  has  fo  excellently  contriv’d  the  univerfe,  that  the  more 
clearly  and  particularly  we  difeern  how  fuitable  the  means  are  to  the 
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ends  to  be  obtain’d  by  them,  the  more  plainly  we  difcern  the  admirable  Physics. 
wifdom  of  the  author  of  things ; who  is  “ wonderful  in  cdunfel,  and  ex- 
cellent  in  working.”  Nor  will  the  fufficiency  of  the  intermediate  caufes 
make  it  needlefs  to  admit  afirft  and  fupreme  caufe,  fince  that  order  of 
things,  by  virtue  Whereof  thefe  means  become  fufficient  to  fuch  ends,  muft 
have  been  at  firft  inftitiited  by  an  intelligent  caufe.  And  if  it  be  irrational 
to  afcribe  the  excellent  fabric  of  the  univerfe,  and  the  adt ions  that  havb 
manifeft  tendencies  to  determinate  ufeful  ends,  to  fo  blind  a caufe  as  chance; 
it  will  be  rather  more  irrational  to  afcribe  to  chance  the  firft  formation  of 
the  univerfe  ; of  which  the  prefent  ftate  of  things  is  but  the  natural  confe- 
quence,  or  effect.  For  it  may  indeed  be  plaufibly  faid,  that  in  the  prefent 
ftate  of  things  the  feveral  parts  of  the  univerfe  are,  by  the  contrivance  of 
the  whole,  determin’d,  and  thereby  qualify’d  to  obtain  their  ends ; but  it 
cannot  be  rationally  pretended,  that  at  the  firft  formation  of  the  world 
there  was  a fufficiency  in  the  fenfelefs  materials  of  it,  without  any  parti- 
cular guidance  of  a wife  fuperintendent  to  frame  bodies  which  are  fo  excel- 
lently contriv’d,  and  fitted  to  their  refpedlive  ends. 

Upon  the  whole,  it  appears,  that  all  confideration  of  final  caufes  is 
not  to  be  banifh’d  from  natural  philofophy,  but  that  ’tis  rather  allowable*, 
and,  in  fome  cafes,  commendable,  to  argue,  from  the  manifeft  ufes  of 
things,  that  the  author  of  nature  pre-ordain’d  them  ; that  the  fun,  and 
moon,  with  the  other  celeftial  bodies,  excellently  declare  the  power,  wif- 
dom, and  glory  of  God  ; and  were,  fome  of  them,  among  other  pur- 
pofes,  made  to  be  ferviceable  to  man ; that,  from  the  fuppos’d  ends  of 
inanimate  bodies  , whether  celeftial  or  fublunary,  ’tis  very  unfafe  to 
draw  arguments  to  prove  the  particular  nature  of  thofe  bodies,  or  the 
true  fyftem  of  the  univerfe  ; that,  as  to  animals,  and  the  more  perfedt 
fort  of  vegetables,  ’tis  warrantable  to  fay,  particular  parts  were  pre- 
ordained to  particular  ufes,  relating  to  the  welfare  of  the  animal,  or 


* Final  caufes  are  allowable  in  philofo- 
phy ; and  Sir  Ifaac  Newton  himfelf  fcru- 
ples  not  to  aflign  them  in  the  ftruCture  and 
contrivance  of  the  univerfe.  And  of  this 
we  have  a remarkable  example  in  his  do- 
ctrine of  comets.  “ Comets,  (fays  that 
“ admirable  philofopher)  by  reafon  of  the 
“ great  number  of  them,  the  vaft  diftance 
“ of  their  aphelia  from  the  fun,  and  the 
“ confiderable  flay  they  make  there,  mull 
(t  neceflarily  receive  fome  dillurbance  from 
i(  their  mutual  gravitations  to  each  other. 
“ Whence  their  eccentricities,  and  times 
“ of  revolution,  will  fometimes  be  a little 


“ increas’d,  and  at  others,  diminifli’d.  We 
“ are  not,  therefore,  to  expeft,  that  the 
“ fame  comet  {hall  always  exaCtly  return  in 
“ the  fame  orbit,  at  the  fame  period  of 
“ time.— —And  hence  appears  the  rea- 
“ fon  why  comets  move  not  in  the  zodiac, 
“ as  the  planets  do ; but  ftray  from  it,  in 
“ various  motions,  to  all  the  parts  of  the 
« heavens:  for,  in  their  aphelia,  where 
“ their  motion  is  floweft,  they  ought  to 
“ be  at  the  greateft  diftance  from  one  ano- 
“ ther,  that  their  mutual  attractions  may 
“ be  the  lefs.”  Newton.  Princip.  p.  480. 
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plant  itfelf,  or  to  its  fpecies ; but  that  fuch  arguments  may  eafily  deceive, 
if  thofe  who  form  them  are  not  very  cautious  to  avoid  miftaking,  among 
the  various  ends  that  nature  may  have  in  the  contrivance  of  an  animal  bo- 
dy,  and  the  various  ways  which  Ihe  may  fuccefsfully  take  to  compafs  the 
fame  ends ; and  laftly,  it  appears,  that  a philofopher,  neverthelefs,  mufl 
not  lec  the  fearch  or  knowledge  of  final  caufes  make  him  negledt  a careful 
inquiry  after  efficients. 
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SECT.  I. 

IT  appears  to  me,  that,  among  the  objedts  of  our  reafon,  there  are  Things  abozv 
fome,  whofe  nature  we  cannot  comprehend  ; others,  whofe  attri- 
butes,  or  actions,  we  cannot  reconcile  to  the  fubject;  and,  laftly, 
others,  that  we  cannot  conceive  how  they  Ihould  confift  with  fome 
acknowledg’d  truth  : and  thefe  may  be  called  things  above  reafon.  By 
which  I here  underftand,  not  fuch  things  as  are  falfe,  and  abfurd  ; but 
fuch  as,  tho’  the  underftanding  fees  fufficient  caufe  to  afient  to,  yet  finds 
ltfelf  reduced  to  this  affent,  with  a remarkable,  and  peculiar,  difadvan* 
tage.  And  this  difad  vantage,  ufually,  proceeds  either  from  the  nature  of 
the  thing  propofed  ; which  is  fuch,  that  we  cannot,  fufficiently,  compre- 
hend  it  *,  or,  from  our  being  unable  to  conceive  the  manner  of  its  exiftence, 
and  operation  j or,  becaufe  it  involves  fome  notion,  or  propofition,  that 
we  fee  not  how  to  reconcile  with  fome  other,  which,  we  are  perfuaded,  is 
true.  The  firft  of  thefe  three  forts  of  things,  may  be  call’d  incompre- 
henfible  •,  the  fecond,  inexplicable  \ and  the  third,  unfociable. 

The  firft  confifts  of  thole  things,  whofe  nature  is  not  diftinftly,  and  ad-  Intompnbin 
equately,  comprehenfible  by  us  i to  which,  perhaps,  we  may  refer  all  fuch/^/r 
intellectual  Beings,  if  any  be  granted,  as  are,  by  nature,  of  an  higher  or- 
der than  human  fouls  5 at  leaft,  we  may  refer  to  this  head  the  great  au- 
thor of  nature. 

The  fecond  fort  of  things  above  reafon,  confifts  of  fuch  as,  tho’  we  do In^pUcah t 
not  deny  to  exift,  yet  we  cannot  clearly,  and  fatisfa&orily,  conceive  how 
they  can  be  what  we  acknowledge  they  are : as,  how  matter  can  be  infinite- 
ly divifible  ; and  how  there  Ihould  be  fuch  an  incommenfurability  betwixt 
the  fide,  and  diagonal,  of  a fquare,  that  the  fmalleft  line  cannot,  ad- 
equately, meafure  them  both. 

2 The 
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Physics.  The  third  fort,  are  things  incumber’d  with  difficulties,  and  objedions, 
that  cannot  diredly,  and  fatisfadorily,  be  removed  by  thofe  who  ac- 
hnjoc table.  qUiefCe  in  the  receiv’d  rules  of  inferior  fciences,  and  reafon  but  at  the 

common  rate  fuch  objedsof  contemplation  having  fomething  belonging 
to  them,  that  appears  irreconcilable  with  fome  very  manifeft,  or  acknow- 
ledg’d truths.  . 

I hus,  that  man  has  free  will,  at  lead:  with  regard  to  civil  matters,  is 
the  general  confeflion  of  the  fpecies  : all  the  laws  that  forbid,  and  punifij, 
murder,  adultery,  theft,  and  other  crimes,  being  founded  upon  a fuppo- 
fition,  that  men  have  a power  to  forbear  committing  them:  and  the  fen le 
men  have  of  being  pofiefifed  of  this  power  over  their  own  adions,  is  great 
enough  to  make  malefadors  acknowledge  their  punifhments  juft-,  being 
condemned  by  their  own  confciences,  as  well  as  by  their  judges.  Yet  the 
generality  of  mankind  afcribe  to  God  an  infallible  prefcience  of  human 
adions.  But  how  a certain  fore-knowledge  can  be  had  of  contingent  things, 
and  fuch  as  depend  upon  the  free-will  of  man,  is  that  which  we  are  unable 
clearly  to  comprehend.  And,  doubtlefs,  ’tis  hard  to  conceive,  how  an 
infinitely  perfed  Being  fhould  want  prefcience  ; or,  that  our  will  fhould 
want  the  liberty  we  almoft  perpetually  exercife. 

Again,  geometricians  teach  the  divifibility  of  quantity  ad  infinitum , to 
be  mathematically  demonftrable.  Suppofe,  then,  a ftrait  line,  of  three 
feet  long,  divided  into  two  parts,  the  one  double  to  the  other  \ now  a 
line  of  two  feet  is  divifible  into  infinite  parts,  or  it  is  not  *,  if  you  fay  it  is 
not,  you  contradid  a demonftration  ; if  you  fay  it  is,  you  muft  confefs, 
either  that  the  line  of  one  foot  is  divifible  into  as  many  parts  as  the  line 
of  two  feet  or  elfe,  that  the  infinite  parts  into  which  the  line  of  one  foot 
is  granted  to  be  divifible,  is  exceeded  in  number  by  the  parts  into  which 
the  line  of  two  feet  is  divifible  ; and,  confequently,  that  the  line  of  two 
feet  has  a multitude  of  parts,  greater  than  infinite.  Which  reafon  may 
let  us  fee,  that  we  may  be  reduced,  either  to  rejed  inferences  fairly 
drawn  from  manifefted,  or  granted  truths,  or  to  admit  conclufions  that 
appear  abfurd  ; if  we  will  have  all  the  common  rules,  whereby  we  judge 
of  other  things,  to  be  applicable  to  infinites.  Hence  it  is  clear,  in  the 
general,  that  there  may  be  things  which  furpafs  our  reafon  at  lcaft,  fo 
Privileg'd  far,  as  not  to  be  judg’d  of  by  the  meafures  and  rules  ufed  in  judging  of 
ihings  What?  ordinary  occurrences:  for  which  reafon,  1 fhall  call  them  privileg’d 
things. 

*The imperfetti-  But,  to  manifeft  the  imperfedions  of  our  reafon,  with  regard  to  privi- 
€ bum  an  mind.  ^8**?  c^ngs’  we  need  not  have  recourfe  to  the  divine  nature:  a mathe- 
matical demonftration  may  ferve  the  turn.  For,  fuppofe  a great-circle, 
divided  into  its  360  degrees  •,  and  fuppofe  any  number  of  ftrait  lines,  drawn 
from  the  feveral  affignable  parts  of  fome  one  of  thefe  degrees,  to  the 
centre  -,  ’tis  manifeft,  that  the  degrees  being  equal,  as  many  lines  may  be 
drawn  from  any  other  ; and  fo  from  every  one  of  the  reft. 

Then,  fuppofe  a circular  arch,  equal  to  the  afiumed  degree,  to  be 
further  bent  into  the  circumference  of  a little  circle,  concentrical  with  the 

great 
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great  one  ; it  follows*  from  the  nature  of  a circle,  that  the  femi-diameters  Physics. 
of  it,  how  many  foever  they  be,  can  no  where  touch  one  another,  but  in 
the  centre.  Whence  *tis  evident,  that  all  the  lines,  drawn  from  the  cir- 
cumference to  the  centre  of  the  greater  circle,  muft  pafs  thro’  different 
points  of  the  circumference  of  the  fmaller;  and,  confequently,  that  as  many 
lines  as  can,  even  mentally,  be  drawn  from  the  feveral  points  of  the  cir- 
cumference of  the  great  circle  to  the  common  centre  of  both  circles,  muft 
all  pafs  thro*  different  points  of  the  little  circle  ; and  thereby  divide  it  into 
as  many  parts  as  the  greater  circle  is  divided  into.  Here,  then,  the  cir- 
cumference of  the  leffer  circle  prefents  us  with  a curve  line,  which  was 
not  poffibly  divifible  into  more  parts  than  an  arch  of  one  degree,  or  the 
360th  part  of  the  circumference  of  the  greater  circle  ; yet,  without  being 
lengthen’d,  it  becomes  divifible  into  as  many  parts  as  the  whole  circum- 
ference of  the  fame  greater  circle.  And,  tho’  we  fhould  fuppofe  the  circum- 
ference of  the  internal  circle  not  to  exceed  one  inch  ; and  that  of  the  exte- 
rior circle  to  exceed  the  circumference  of  the  terreftrial  globe,  or  Orbis 
magnus  itfelf ; ftill  thedemonftration  would  hold. 

And,  furely,  ’tis  very  agreeable,  both  to  the  nature  of  God,  and  to 
that  of  man,  that  fuch  things  as  thefe  fhould  prove  true;  for  we  miftake,- 
and  flatter  human  nature  too  much,  when  we  think  our  underftanding  fo 
unlimited,  both  in  point  of  capacity,  and  of  extent ; and  fo  free,  and 
unprepoflefs’d,  as  many  philofophers  feem  to  fuppofe.  For,  whatever 
our  felf-  love  may  incline  us  to  imagine,  we  are  really  but  created,  and 
finite  Beings,  and  come  into  the  world  but  fuch  as  it  pleas’d  the  moft  free 
author  of  nature  to  make  us.  And,  from  this  dependance,  and  limita- 
tion of  our  natures,  it  follows,  not  only  that  we  may  be  bom  with  certain 
impreflions,  appetites,  or  tendencies  of  mind  ; but  alfo,  that  the  means 
given  us  to  employ  in  the  fearch,  or  judging  of  truth,  are  only  propor- 
tionable to  the  defign  of  our  make  ; and,  therefore,  may,  probably,  be 
fuppofed  not  able  to  reach  all  kinds  of  truths ; many  of  which  may  be 
unneceftary  for  us  to  know  here  : and  fome  may  be  referv’d,  to  render  us 
fenfible  of  the  imperfections  of  our  natures,  and  to  make  us  afpire  to  that 
condition,  wherein  our  faculties  fhall  be  much  enlarged,  and  heighten’d. 

It  feems  not,  therefore,  unreafonable  to  think,  both  that  God  has  fo  li- 
mited our  faculties,  that,  in  our  prefent  ftate,  there  fhould  be  fome  objedts 
beyond  the  comprehenfion  of  our  underftandings,  or,  that  fome  of  his 
creatures  fhould  not  be  able  perfectly  to  underftand  fome  others ; and  yet,- 
that  he  has  given  us  light  enough  to  perceive,  that  we  cannot  attain  to  a 
clear,  and  full  knowledge  of  them. 

It  may  here,  indeed,  be  objected,  that  tho’  the  Inftances  given,  have  not 
been  hitherto  clear’d  by  the  light  of  reafon,  yet,  ’tis  probable,  they  may 
be  fo  hereafter  ; confldering  how  great  a progrefs  is,  from  time  to  time, 
made  in  the  difcoveries  of  nature.  I anfwer,  that  I imagine,  what  future 
difcoveries  are  made,  will  chiefly  concern  thofe  things  which  either  we  are 
ignorant  of,  for  want  of  a competent  hiftory  of  nature  ; or  miftake,  thro’ 
erroneous  prepofieflions,  or  for  want  of  freedom,  and  attention,  in  our 
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Ph  ysi  cs,  {peculations.  But  as  to  all  metaphyfical  difficulties,  wherein  neither  mat- 
ters  of  faCt,  nor  the  hypothefes  of  fubordinate  parts  of  learning  are  of 
force,  we  have  little  to  expeCt.  And^  however  it  be  as  to  other  abftrufe 
objeCts  *,  I am  very  apt  to  think,  there  are  fome  things  relating  to  the  in- 
finite Being,  which  will  Hill  remain  incomprehenfible,  even  to  philofo- 
phical  underftandings.  I can  fcarce  hope  to  fee  thofe  obftacles  furmounted, 
that  proceed  not  from  any  perfonal  infirmity,  or  evitable  faults,  but  from 
the  limited  nature  of  the  human  mind.  Befides,  as  mankind  may  here- 
after explain  fome  of  thofe  grand  difficulties,  which  have  hitherto  per- 
plex’d philofophers  •,  fo  their  inquiries  may,  poffibly,  lead  them  to  dif- 
cover  new  difficulties  more  perplexing  than  the  firft.  For,  even  amongft 
the  things  wherewith  we  are  already  acquainted,  there  are  many  which 
we  think  we  know,  only  becaufe  we  never,  with  due  attention,  try’d 
whether  we  can  frame  fuch  ideas  of  them,  as  are  clear,  and  worthy  for  a 
rational  mind  to  acquiefce  in.  This  appears  from  the  great  intricacy  that 
confidering  men  find  in  the  notions  commonly  receiv’d  of  fpace,  time, 
and  motion,  &c.  and  the  difficulties  of  framing  clear,  and  fatisfadlory 
apprehenfions,  even  of  fuch  obvious  things.  We  fee  alfo,  that  the  angle 
of  contaCt,  the  dodtrine  of  afymptotes,  and  that  of  lurd  numbers,  and 
incommenfurable  lines,  all  which  gives  no  concern  to  common  accomptants 
and  furveyors,  perplex  the  greatelt  mathematicians.  Hence  the  growing 
curiofity  of  mankind  is  not  more  likely  to  folve  fome  difficulties,  than  to 
raife  others  ; which  may  prove  more  infuperable  than  they. 

The  motion  of  a coach- wheel  is  fo  obvious,  andfecmsfo  plain  a thing, 
that  the  coach-man  never  looks  upon  it  with  wonder  *,  yet  after  Ariftotle  had 
taken  notice  of  the  difficulty  that  occurr’d  about  it,  this  trivial  phenome- 
non has  perplex’d  even  famous  mathematicians,  and  continues  yet  to  do 
fo : there  being  fome  circumftances  in  the  progreffive  motion  and  rotation 
of  the  circumference  of  a wheel,  and  its  nave  *,  or  of  two  points  affign’d, 
the  one  in  the  former,  and  the  other  in  the  latter,  that  have  appear’d  too 
fubtile  for  modern  writers. 

After  7vbat  And  here  we  may  obferve,  that  reafon  operates  according  to  certain  ideas, 
manner  human  axioms,  and  propofitions,  wherewith,  as  by  rules  and  meafures,  it  con- 
reafon  afts,  ceives,  eftimates,  and  judges  of  things.  And,  indeed,  when  we  fay,  that 
a thing  is  confonant  or  repugnant  to  reafon,  we  mean  ufually,  that  it  is 
either  immediately  or  mediately  deducible  from,  or  at  leaft  confiftent  with, 
or  contradictory  to  one  or  other  of  thefe  ftandard-rules  or  notions.  But 
if  thefe  rules  and  notions  be  fuch  as  are  drawn  only  from  finite  things,  or  are 
agreeable  but  to  thofe  ; they  may  prove  ufelefs  or  deceitful,  when  we  go 
to  ftretch  them  beyond  their  meafure,  and  apply  them  to  infinites. 

To  illuftrate  and  confirm  this  notion.  All  the  things  that  we  naturally 
do  or  can  know,  may  be  divided  into  fuch  as  we  may  acquire  without  a 
medium,  and  fuch  as  we  cannot  attain  to,  but  by  the  intervention  of  a 
medium,  or  by  a difcurfive  aCt.  To  the  firft  belong  fuch  notions asare  fup- 
pofed  to  be  connate  j as,  that  “ Two  contradictories  cannot  be  both  true*,” 
The  whole  is  greater  than  a part  thereof  >”  Every  whole  number  is 

either 
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*c  either  even  or  odd  ;”  &tV.  asalfo,  thbfe  other  truths,  that are  ;$dlent-:  Ph  ysics. 
ed,  to  upon  their  own  account,  withbut  meeding  any  .medium  to  prove 
them;  becaufethat,  as  foon  as  by  clear  terms,  or  fit  examples,  they  are 
plainly  propofed  to  the  underftanding,  they  difcover  themfelves  to  be  true 
fo  manifeftly  by  their  own  light,  that  they  want  no  propofition  to  make 
the  underftanding  acquiefce  in  them.  Of  this  kind  are  fome  of  Euclid's 
axioms  ; for  inftance,  cc  If  to  equal  things  equals  be  added,  the  totals  will 

be  equal. 

To  the  fecond  fort  of  things  knowable  by  us,  belong  all  that  we  acquire 
bytheabtof  reafoning ; wherein,  by  means  of  propofttions  or  mediums, 
we  deduce  one  thing  from  another  ; or  conclude,  affirmatively  or  nega- 
tively, one  thing  of  another.  This  being  fuppofed,  and  we  being  con- 
fcious  toourfelves  that  we  are  not  the  authors  of  our  own  nature  ; all  the 
experience  we  have  hitherto  had,  leads  us  to  think,  that  the  meafures  fug- 
geftedtous,  either  by  fenfations,  the  refults  of  fenfible  obfervation,  or 
the  other  inftruments  of  knowledge,  are  fuch  as  fully  reach  but  to  finite 
things;  and,  therefore,  are  not  fafely  applicable  to  others.  And  many  of 
thofe  principles  that  we  think  very  general,  may  be  only  gradual  notions 
of  truth  ; and  but  limited  and  refpecftive,  notabfolute  and  univerfal. 

And  tho’  perfect  fyllogiffns  be  counted  the  beft  and  moft  regular  forms, 
that  our  reafonings  can  afiume  ; yet  even  the  laws  of  thefe  are  grounded  on 
the  dodlrine  of  proportions  ; for  even  between  things  equal,  there  may  be 
a proportion.  Upon  this  ground,  I fuppofe,  it  is,  that  mathematical  de- 
monftrations  have  been  publickly  propofed  of  the  grand  fyllogiftical  rules. 

And,  in  confequence  hereof,  geometricians  tell  us,  there  is  no  proportion 
between  a finite  line  and  an  infinite  ; becaufe  the  former  can  never  be  fo 
often  taken,  as  to  exceed  the  latter  ; which,  according  to  Euclid's  defini- 
tion of  proportion,  it  ffiould  be  able  to  do.  Since  then,  the  underftanding 
operates  but  by  the  notions  and  truths  ’tis  furnifh’d  with,  and  knee  thefe 
are  its  inftruments,  by  proportion  to  which,  it  takes  meafures,  and  makes 
judgments  of  other  things  ; fuch  inftruments  may  be  too  difproportionate 
to  fome  objects,  to  be  fecurely  employ’d  to  determine  feveral  particulars 
about  them.  Thus,  the  eye  being  an  inftrument  which  the  underftanding 
employs  to  eftimate  diftances,  we  cannot  by  that,  fafely  take  the  breadth 
of  the  ocean  ; becaufe  our  fight  reaches  not  far  enough,  to  difcover  the 
extent  of  fo  vaft  an  obje£l.  And  the  common  inftruments  of  furveyors, 
that  would  ferve  to  meafure  the  height  of  a houfe  or  a fteeple,  or  even  of 
a mountain,  cannot  enable  them  to  take  the  diftance  of  the  moon-  But  when 
aftronomers  take,  by  fuppofition,  a line  that  reaches  from  the  furface  to  the 
centre  of  the  earth,  tho’  by  the  help  of  this,  and  the  parallax,  they  may 
tolerably  meafure  the  diftance  of  the  moon  ; yet,  with  all  their  great  in- 
duftry,  they  cannot,  by  the  fame  way,  with  any  tolerable  accuracy,  mea- 
fure the  diftance  of  theftars;  the  femi-diameter  of  the  earth  bearing  no 
fenfible  proportion  to  that  of  fo  vaft  a fphere,  as  makes  their  parallax 
vaniffi : it  being  all  one  to  fenfe,  whether,  at  fo  great  a remove,  a ftar  be 
obferv’d  from  the  centre,  or  from  the  furface  of  the  earth,  Thus  when  I 
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think  of  a triangle  or  a fquare,  I find  in  my  imagination  an  intuitive  idex 
of  thofe  figures  that  is,  a picture  dear  and  diftind,  as  if  a figure  of  three 
fides,  or  of  four  equal  Tides  and  angles,  were  placed  before  my  eyes.  But 
if  I would  fancy  a myriagon,  or  a figure  confiding  of  ten  thoufand  equal 
fides,  my  imagination  is  overpower’d  with  To  great  a multitude,  and  frames 
but  a confufed  idea  of  a polygon  with  a very  great  many  Tides.  For  if  a 
man  fhould  endeavour  to  frame  ideas  of  a myriagon,  or  a chiliagon,  they 
would  be  both  To  confufed,  that  his  imagination  would  not  be  able  clearly 
to  difcriminate  them,  tho’  the  one  has  ten  times  as  many  fides  as  the  other. 
Thus  if  you  would  imagine  an  atom,  of  which  perhaps  ten  thoufand  would 
Tcarce  make  up  the  bulk  of  one  of  the  light  particles  of  dud  that  plays  in 
the  Tun-beams,  To  extraordinary  a minutenefs,  not  having  fallen  under  any 
of  our  Tenfes,  cannot  truly  be  reprefcnted  in  our  imagination.  So  when 
we  Tpeak  of  God’s  omnipotence,  and  other  of  his  infinite  attributes  and 
perfections  •,  we  have  Tome  conceptions  of  the  things  we  Tpeak  of,  but 
may  very  well  difcern  them  to  be  inadequate.  And  tho*  Teveral  propofi- 
tions  relating  to  things  above  reafon  Teem  clear  enough  to  ordinary  capa- 
cities, yet  he  who  fhall  with  a competent  attention,  curiofity,  and  skill, 
confider  and  examine  them,  will  find  that  either  their  parts  are  inconfiftent 
with  one  another,  or  that  they  involve  contradictions  to  Tome  acknow- 
ledg’d or  manifefi  truth,  or  are  veil’d  over  with  darknefs,  and  encumber’d 
with  difficulties,  from  whence  we  are  not  able  to  refcue  them.  Thus, 
when  the  fide  and  diagonal  of  a fquare  are  propofed,  we  have  clear  and  di- 
itindt  ideas  of  each  of  them  a-part  *,  and  when  they  are  compared,  we 
may  have  a conception  of  their  incommcnfurability ; yet  this  negative  no- 
tion, if  it  be  thoroughly  confider’d,  and  far  enough  purfued,  clearly  con- 
tains that  of  a (trait  line  being  divifible  in  infinitum  \ and  this  divifibility  is 
encumber’d  with  To  many  difficulties,  and  is  To  hard  to  be  reconciled  to 
Tome  confefs’d  dictates  of  reafon,  that  philofophers  and  geometricians,  tho’ 
convinc’d  of  the  truth,  are  to  this  day  labouring  to  extricate  themfelves 
out  of  thefe  perplexing  intricacies. 

’Tis  evident  that  fome  fubftance  or  other,  whether  God,  the  world,  or 
matter,  never  had  a beginning,  that  is,  has  been  for  ever  : but  when 
we  Tpeak  of  an  eternity  a parte  ante , as  they  call  it,  we  do  not  Tpeak  of  a 
thing  whereof  we  have  no  conception  at  all  *,  as  will  appear  to  a confider- 
ing  perfon  : yet  the  general  notion  we  have  is  fuch,  that  when  we  come  at- 
tentively to  examine  it,  by  the  Tame  ways  whereby  we  judge  of  almoft  all 
other  things,  the  underftanding  is  confounded:  for  we  muft  conceive,  that 
the  time  effiux’d  fince  the  firft  man  began  to  live, bears  no  greater  proportion 
to  the  duration  of  God,  or  of  matter,  than  a moment.  And  as  there  are  Tome 
things,  whofe  nature  and  confequences  puzzle  our  faculties ; there  are 
others,  whereof  tho’  we  have  a notion,  yet  the  Modus  op erandi  is  beyond 
our  comprehenfion.  I do  not  mean  only  the  true  and  certain  Modus  ope- 
randi , but  even  an  intelligible  one.  Thus  tho’  many,  efpecially  Cartefians , 
and  that  upon  a philofophical  account,  afiert  that  God  created  the  world,  yet 
how  a fubftance  could  be  made  out  of  nothing,  1 fear  we  cannot  conceive. 

And 
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And  tho*  all  philofophers,  very  few  excepted,  believe  that  God  made  thePnYsies. 
world  out  of  pre*exiftent  matter;  yet  how  he  could  mal<je  it,  but  by  lo-  vyW 
cally  moving  the  parts  of  the  matter  it  was  to  confift  of,  and  how  an  in- 
corporeal fubftancecan  move  a body,  which  it  may  pafs  thro’  yvithout  re- 
fiftance,  will  be  found  hard  to  explain.  If  it  be  faia  that  the  foul  being  an 
immaterial  fubftance,  can  neverthelefs  move  the  limbs  of  the  human  body 
rightly  difpofed  ; I anfwer,  it  does  not  appear  that  the  rational  foul  gives 
any  motion  to  the  parts  of  the  body,  but  only  guides  or  regulates  that 
which  lLe  finds  in  them  already. 

Thus  then  by  making  oblervations  of  fuch  things  as  are  the  proper  ob- 
jects of  our  faculties,  and  by  drawing  juft  confequences  from  fuch  obfer- 
vations,  and  from  our  other  knowledge,  we  may  come  to  be  certain  that 
fome  things  exift,  and  fo  have  general  and  dark  ideas  of  them  ; when,  at 
the  fame  time,  we  are  at  a lofs  to  conceive  how  they  can  be  fuch,  or  how 
they  can  operate  and  perform  what  they  do  ; fuppofing  the  truth  and  fuffi- 
ciency  of  fome  other  things  we  are  convinc’d  of.  To  be  fhort,  negative 
apprehenfions  we  may  have  of  fome  privileged  things  ; and  pofitive,  but 
indiftindt  apprehenfions  of  others ; and  that  is  enough,  in  fome  fort,  to 
make  us  underftand  ourfelves,  and  one  another,  when  we  fpeak  of  them  : 
tho’  when  we  fufticiently  confider  what  we  fay,  we  may  find  that  our  words 
are  not  accompany ’d  with  clear,  diftindt,  and  fymmetrical  conceptions  of 
thofe  abftrufe  and  perplexing  things  we  fpeak  of.  And  fince  we  find  by 
experience  that  we  are  unable  fufficiently  to  comprehend  things,  which  by 
clear  and  juft  confequences  may  be  proved  to  exift;  this  ftrongly  argues, 
that  fome  of  our  conceptions  may  be  of  things  whereto  fomewhat  belongs, 
that  tranfcends  our  reafon,  and  furpaffes  our  comprehenfion.  So  that 
when  natural  philofophy  had  taught  men  to  believe  God  to  be  an  in- 
finitely perfedt  Being,  we  ought  not  to  fay  that  they  had  no  idea  of 
fuch  a Being,  becaufe  they  had  not  a clear  and  adequate  one.  And  fince 
Ariftotle  profeffedly  difcourfes  of  infinity,  and  cites  the  ancien-ter  philofo- 
phers for  having  done  fo  before  him  ; and  fin ct  Democritus^  Epicurus , Gaf- 
fendus , and  others,  maintain  either  that  the  world  is  boundlefs,  or  that 
fpace  is  not  finite  in  extent,  or  that  the  world  confifts  of  atoms,  infinite  in 
number ; we  muft  not  fuppofe  they  faid  they  knew  not  what,  as  they 
mud  have  done  if  they  wrote  without  ideas  of  the  things  they  treated  of: 
tho’  we  may  juftly  fay,  that  the  fubjedt  being  infinite,  the  ideas  they 
framed  of  it  could  not  be  comprehenfive  and  accurate.  Thus,  when  the 
eye  looks  into  a deep  fea,  tho’  it  may  pierce  a little  way  into  it,  yet  when  it 
would  go  deeper,  it  only  difeovers  fomewhat  dark  and  indiftindt,  which 
affedts  the  organ  fo  differently  from  what  other  more  genuine  objedts  do, 
that  we  theijice  eafily  difeern  our  fight  fails  us  in  the  way,  before  it  arrives 
at  the  bottom ; and  confequently  that  there  may  be  many  things  con- 
ceal’d there  which  our  fight  is  unable  to  reach.  But  if  we  really  find 
there  are  things  which  our  reafon  cannot  comprehend,  then,  whether  the 
account  I have  given  why  our  faculties  prove  infufficient  for  thefe  things, 
be  good  or  not,  there  muft  be  fome  true  account  or  other  of  that  infuffi- 
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Physics,  ciency.  And  fome  things  mull  appear  to  us  fo  fublime  and  abftrufe,  that 
we  are  unable  to  comprehend  them,  and  to  difcern  fo  much  as  the  reafon 
why  they  cannot  be  comprehended  by  us. 

Upon  the  whole,  then,  we  may  reafonably  fuppofe,  that  the  great  au- 
thor of  nature  fo  framed  man,  as  to  have  furnifh’d  his  intellective  faculty 
with  a light,  whereby  it  can,  not  only  eftimate  the  power  of  a multitude  of 
other  things,  but  alfo  judge  of  its  own  nature  and  power,  and  difcern 
fome  of  the  limits,  beyond  which  it  cannot  fafely  exercife  its  adtof  judging 
and  defining.  But  the  rational  foul  does  not  only  pafs  judgment  of  the 
things  without  her,  but  about  herfelf,  and  what  pafles  within  her : fhe 
fearches  out,  and  contemplates  her  own  fpirituality,  and  union  with  the 
body.  The  intellect  judges  wherein  its  own  nature  confifts,  and  whether 
or  no  itfelf  be  a diftindt  faculty  from  the  will.  And  to  come  yet  clofer, 
logic  and  metaphyfics  are  the  works  of  the  human  mind  ; which,  by  fra- 
ming thofe  difciplines,  manifefts  that  it  not  only  judges  of  reafoning,  but 
of  the  very  principles  and  laws  thereof ; teaching  what  things  are  necefiary 
to  obtain  evidence  and  certainty,  and  what  kind  of  mediums  they  are, 
from  whence  we  muft  not  expect  any  demonftrative  arguments  relating  to 
a fubjedt.  Thus,  if  we  compare  the  bodily  eye  with  the  underftanding, 
which  is  the  eye  of  the  mind  ; we  muft  allow  this  difference,  that  the  in- 
tellect: is  as  well  a looking-glafs  as  a fenfory  •,  finceit  does  not  only  fee  other 
things,  but  itfelf  too,  and  can  difcern  its  own  blemifhes,  bad  conforma- 
tion, or  whatever  other  infirmities  it  labours  under.  The  foul,  therefore, 
when  duly  excited,  is  furnifh’d  with  a light  that  may  enable  her  to  judge, 
even  of  many  of  thofe  original  notions,  by  which  (he  judges  of  other 
things.  In  ffiort,  the  foul,  upon  trial,  may  find,  by  an  inward  fenfe, 
that  fome  things  furpafs  her  force  ; as,  a blind  man  being  fet  to  lift  up  u 
rock,  would  quickly  find  it  too  unwieldy  to  be  managed  by  him  : and  the 
utmofl  exercife  of  his  ftrength,  would  but  convince  him  of  the  infufficiency 
of  it  to  furmount  fo  great  a weight.  We  do  not  then  pretend,  that  the 
eye  of  the  mind  fhould  fee  invifibles  ; but  only,  that  it  fhall  difcern  the 
limits  of  that  fphere  of  activity,  within  which  nature  hath  bounded  it  •> 
and  confequently,  that  fome  objects  are  difproportionate  to  it.  drijtotk 
himfelf  fays,  that  the  eye  fees  both  light  and  darknefs-,  which  expreflion, 
tho’  fomewhat  odd,  may  be  defended  : fince,  tho’  darknefs  is  a privation, 
not  a Being,  it  cannot  properly  be  the  object  of  fight  ; yet  it  may  be  per- 
ceiv’d by  means  of  the  eye,  from  the  very  different  affection  which  that 
organ  fuffers,  when  imprefs’d  by  luminous  objects,  and  when  it  is  made 
ufelefs  to  us  by  darknefs. 

Whether  men  But  it  may  be  ask’d,  how  can  we  juftify  our  difcourfing,  at  all,  of  things 
may,  with  ju-  tranfcendirtg  reafon  ? 

^oftbbFs  ° above  The  better  to  clear  this  matter,  I muff:  make  fome  distinctions  of  the 
°reafon?  * notions  or  conceptions  of  the  mind  ; and,  for  brevity  fake,  give  names  to 
thofe  I have  now  occafion  to  employ.  I confider  then,  that  whether  the 
conceptions  or  ideas  we  have  of  things,  be  fimple  or  compounded,  they 
may  be  diftinguilh’d  into  fuch  as  are  particular  or  diftindt , and  fuch  as  are 

only 
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only  general,  dark,  and  confufed,  or  indiftindt.  When  a navigator  to  Physics. 
unknown  countries,  firft  gets  a fight  of  land,  tho’  he  may  be  fatisfied  that  L/VNJ 
it  island,  yet  he  has  but  a very  dark  and  confufed  pidture  of  it  made  in 
his  eye,  and  cannot  defcry  whether  the  fhore  be  rocky,  or  what  creeks  or 
harbours  it  may  have  in  it  ; muchlefs,  whether  the  coaft  be  well  inhabited  ; 
and  if  it  be,  what  kind  of  buildings  it  has  : all  which  he  may  plainly  and 
d i ft  in  611  y fee,  upon  going  on  fhore.  And  of  fome  things  we  have  an  ad- 
equate, of  others  but  an  inadequate  conception:  thus,  if  wefuppofe  the 
fame  navigator  fhould  look  towards  the  main  fea,  tho’  he  might  fee  a great 
way  diftindtly,  yet  at  length  it  would  appear  fo  dark  and  confufedly  to  him, 
that  at  the  verge  of  the  fenfible  horizon,  his  fight  would  make  him  judge 
the  fea  and  sky  came  together  *,  he  would,  however,  conclude,  that  the  ut- 
moft  part  of  the  fea  he  could  defcry,  was  but  a part  of  the  ocean,  which 
may,  for  ought  he  knows,  reach  to  a vaft  extent  beyond  the  vifible  horizon. 

To  our  confufed, and  often,  alfo,  to  our  inadequate  conceptions, belong  many 
of  thofe  that  may  be  call’d  negative  ; which  we  employ,  when  we  fpeak 
of  privations  or  negations,  as  blindnefs,  ignorance,  death,  &c.  We  have 
a pofitive  idea  of  things  that  are  fquare  and  round,  black  and  white  ; and, 
in  fhort,  of  other  things,  whofe  fhapes  and  colours  make  them y the  objedls 
of  our  fight.  But  when  we  fay,  for  inftance,  that  a fpirit  or  an  atom  are 
invifible  ; thofe  words  are  attended  with  a negative  conception,  which  is 
commonly  but  dark  and  confufed,  becaufe  ’tis  indefinite,  and  removes,  or 
lays  afide  thofe  marks,  by  which  we  clearly  perceiveand  diftinguifh  vifible 
fubftances:  as,  w hen  we  fay,  that  fuch  a thing  is  impoftible,  we  have  fome 
kind  of  conception  of  what  we  fpeak ; but  ’tis  a very  obfcure  and  in- 
diftindt  one,  at  beft ; exhibiting  only  a general  and  very  confufed  reprefen- 
tation  of  fome  ways,  whereby  one  might  think  the  thing  likely  to  be  effedt- 
ed,  if  it  were  at  all  performable  *,  and  accompanied  with  a perception  of  the 
infufficiency  of  thofe  ways-  There  is  yet  another  difference  in  the  notions 
we  have  of  things,  which,  tho?  not  ufually  obferv’d,  is  too  important  to  be 
here  omitted.  Of  fome  things  we  have  a knowledge,  that  for  want  of  a 
fitter  term,  may  be  call’d  primary  or  diredt  ; and  of  others,  the  knowledge 
we  have,  is  acquired  but  by  inferring- it  from  fome  more  known  or  clearer 
truth  ; and  fo  may  be  call’d  inferr’d  or  illative  knowledge.*  Thus,  when  a 
•geometrician  defines  to  me  an  hyperbola,  I quickly  gain  a clear  and  diftindt 
idea  of  it : but  when  he  proves  1 0 me,  that  this  hyperbola  may  have  fuch  a 
relation  to  a ftrait  line,  which  he  callsan  afymptote,  that  this  line  being  con^ 
tinued,  ftill  comes  nearer  and  nearer  to  the  prolong’d  fide  of  the  hyper- 
bola, and  yet,  how  far  foever  both  be  drawn,  will  never  come  to  touch  it ; 
his  fubtile  demonftrations  prefent  me  with  an  inferr’d  or  illative  truth,  at 
which  we  arriv’d  not,  but-  by  the  help  of  a train  of  reafonings  *,  and  on 
which  if  we  exercife  our  imagination,  we  fhall  find  this  fadtitious  truth,  if 
we  may  fo  call  it,  accompanied  but  with  a very  dim  and  confufed  idea. 

Tothefe  diftindtions  we  may  add,  laftly,  what  belongs  chiefly  to  the  notions 
we  have  of  true  or  falfe  propolitions,  that  of  our  conceptions  of  things,  fome 
are  fymmetrical,  or  every  way  confiftent  * by  which  I mean,  thofe  which 
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Phvsics.  have  thefe  two  qualifications,  the  one,  that  all  the  parts  are  confiftent  a- 
mong  themfelves  ; the  other,  that  the  entire  idea  is  confiftent  with  all  o- 
ther  truths:  and  fome  are  chimerical,  or  afymmetrical ; by  which  I un- 
derftand  thofe  that  are  either  felf-deftrudive,  by  the  contrariety  of  the 
parts  themfelves,  whereof  they  are  made  up,  as  if  one  fhould  talk  of  a tri- 
angular fquare,  or  a fun-fhiny  night,  or,  being  extravagant,  lead  to  fome 
manifeft  abfurdicy  that  may  be  juftly  inferr’d  from  them,  or  into  inextri- 
cable difficulties,  or  elfe  involve  a real  repugnancy  to  fome  acknowledg’d 
truth,  or  rule  of  reafon. 

Now  the  mind  of  man  is  fo  framed,  that,  when  duly  inftruded,  it  can 
perceive  a want  of  light  in  itfelf  for  fome  purpofes,  or  of  clearnefs  and 
completenefs  in  the  beft  ideas  it  is  able  to  frame  of  fome  things and,  on 
this  account,  can  fo  far  take  notice  of  the  extent  and  imperfedion  of  its 
own  faculties,  as  to  difcerrf  that  fome  objeds  are  difproportionate  to  it. 
As  when  we  attentively  confider  the  dimensions  of  fpace,  or  thofe  of  the 
univerfe,  we  may,  by  trial,  find,  that  we  cannot  conceive  them  fo  great, 
but  that  they  may  be  yet  greater,  or  may  exceed  the  bounds,  how  remote 
foever,  which  our  former  conception  prefumed  to  affign  them.  Thus, 
when  the  eye  looks  upon  the  main  fea,  we  eafily  grow  fenfible,  that  how 
much  foever  we  can  difcoverof  it,  yet  our  fight  falls  far  fhort  of  the  ex- 
tent of  that  vaft  objed.  And  ’tis  by  the  fenfe  which  the  mind  has  of  its 
own  limits  and  imperfections,  on  certain  occafions,  that  we  may  eftimate 
what  things  ought  not,  and  what  ought  to  be  look’d  upon  as  things  above 
reafon  *,  for  by  that  term  I mean  not  fuch  things  as  our  rational  faculty 
cannot  at  all  reach  to,  or  has  no  kind  of  perception  of ; for  of  fuch  things 
we  cannot,  in  particular,  either  think  or  fpeak  like  men:  but  my  mean- 
ing is  this,  that  the  rational  foul,  being  confcious  of  her  own  adions,  and 
feeling  that  fhe  knows  feveral  forts  of  things  truly  and  clearly,  and  there- 
by juftly  concluding  them  to  be  within  the  corppafs  of  her  faculties ; when 
fhe  contemplates  fome  few  things,  which  feem  to  be  of  another  order,  Ihe 
is  convinced,  that  however  fhe  drains  her  power,  fhe  has  no  fuch  ideas  or 
perceptions  of  them,  as  fhe  has,  or  may  have,  of  thofe  objeds  which  are 
not  difproportionate  to  her  faculties. 

Again,  the  nature  of  the  mind  is  fuch,  that  its  faculty  of  drawing  con- 
fequences  from  known  truths,  is  of  greater  extent  than  its  power  of  fra- 
ming  clear  and  diftind  ideas  of  things  ; fo  that  by  fuitable  or  fucceflive 
inferences  it  may  attain  to  a clear  convidion  that  fome  things  exift,  of 
whofe  nature  and  properties  it  can  frame  no  clear  and  fatisfadory  concep- 
tions. And  that  men  fhould  be  better  able  to  infer  propofitions  about  fe- 
veral things,  than  to  penetrate  into  their  nature,  is  the  lefs  ftrange,  be- 
caufe  ’tis  oftentimes  fufficient  for  our  ufes  to  know  that  fuch  things  exift, 
tho’  that  knowledge  be  not  accompany’d  with  a clear  and  diftind  idea,  and 
becaufe  the  rules,  as  this,  for  example,  “ whatever  is  produced,  muft 
“ have  a caufe,”  are  often  clear,  and  eafy,  that  enable  the  mind  to  infer 
conclufions  about  things  whofe  nature  is  very  abftrufe. 
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To  apply,  then,  thefe  notions  to  the  three  forts  of  things  that  I have  Physics. 
reprefen  ted,  as  being  in  fome  fenfe  above  reafon.  There  are  objects  of  fo  L/^W 
jmmenfeand  peculiar  a nature,  that  by  an  eafy  view  of  the  mind,  without 
fubtile  and  laborious  inquiry,  the  foul  difcerns,  and,  as  it  were,  feels  the 
object  to  be  difproportionate  to  her  powers  ; and,  accordingly,  if  fhe 
tries,  (he  quickly  finds  herfelf  unable  to  frame  conceptions  thereof  fit  to 
be  acquiefced  in  : and  this  fort  of  objects,  I upon  that  account  call  incon- 
ceivable, or  fupra-intelle&ual. 

But  when  by  attentively  confidering  the  attributes  and  operations  of  a 
thing,  we  fometimes  find  that  it  hath  a property  belonging  to  it,  or  per- 
forms fomewhat,  which,  by  reflecting  on  the  Beings  and  ways  of  working 
that  we  know  already,  we  cannot  difcern  to  be  reducible  to  them,  or  deri- 
vable from  them  ; we  then  conclude  this  property,  or  this  operation,  to 
be  inexplicable  ; that  is,  fuch  as  cannot  fo  much  as,  in  a general  way,  be 
intelligibly  accounted  for  : and  this  makes  the  fecond  fort  of  our  things 
above  reafon*  But  this  is  not  all;  for  the  rational  foul,  that  is  always 
furnifti’d  with  primitive  ideas  and  rules  of  true  and  falfe,  when  fhe  comes 
to  examine  certain  things,  and  make  fuccefilve  inferences  about  them,  (lie 
finds  that  fhe  cannot  avoid  admitting  fome  confequences  as  true  and  good, 
which  (he  is  not  able  to  reconcile  to  fome  other  manifeft  truth,  or  acknow- 
ledg'd propofition.  And  other  truths  are  fo  harmonious,  that  there  is  no 
difagreement  between  any  two  of  them.  The  heterogeneous  truths  I fpeak 
of,  appear  not  fymmetrical  with  the  reft  of  the  body  of  truths,  and  we 
fee  not  how  we  can  at  once  embrace  thefe,  and  the  reft,  without  admitting 
the  grand  abfurdity,  which  fubverts  the  very  foundation  of  our  reafonings, 
that  contradictions  may  be  true.  Thus,  in  the  controverfy  about  theend- 
lefs  divifibility  of  a ftrait  line,  as  ’ tis  manifeft  that  a line  of  three  feet,  for 
inftance,  is  thrice  as  long  as  a line  of  one  foot,  fo  that  the  (horter  line  is 
but  a third  part  of  the  longer  *,  it  (hould  follow,  that  a part  of  a line 
would  contain  as  many  parts  as  the  whole,  fince  each  of  them  is  divifible 
into  infinite  parts  *,  which  feems  repugnant  to  common  fenfe , and,  to  con- 
tradict one  of  thofe  axioms  in  Euclid , whereon  geometry  itfelf  is  built. 

Upon  which  account,  I have  ventur’d  to  call  this  third  fort  of  things  above 
reafon,  afymmetrical,  or  unfociable  ; of  which  eminent  inftances  are  af- 
forded us  by  thofe  controverfies,  wherein,  which  fide  foever  of  theque- 
ftion  you  take,  you  will  be  unable  directly  and  truly  to  anfwer  the  obje- 
ctions that  may  be  urg’d  to  (hew  that  you  contradict  fome  primitive  or  o- 
ther  acknowledg’d  truth. 

Thefe  are  fome  of  the  confiderations  by  which  I have  been  induced  to 
diftinguifh  the  things  that  to  me  feem  to  over-match  our  reafon,  into 
three  kinds.  Of  thofe  I ftile  inconceivable,  our  ideas  are  fuch,  that 
a moderate  attention  fuffices  to  make  the  mind  fenfible  fhe  wants  ei- 
ther light,  or  extent  enough  to  have  a clear  and  full  comprehenfion 
of  them  ; thofe  things  I have  called  inexplicable,  are  fuch  as  we  can- 
not perceive  to  depend  upon  the  ideas  wherewith  we  are  furnilh’d  ; 
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Physics,  and  to  refemble,  in  their  manner  of  working,  any  of  the  agents,  whole 
nature  we  are  acquainted  with  ; and,  laftly,  thofe  things  which  I have 
named  unfociable,  are  fuch as  have  notions  belonging  to  them;  or  have 
conclufions  deducible  from  them,  that  appear  either  difagreeable  to  our 
primitive  ideas,  or,  when  driven  home,  inconfiftent  with  the  manifeft 
rules  we  are  furnifh’d  with,  to  judge  of  true  and  falfe. 

But,  by  forting  things  above  reafon,  into  three  kinds,  I do  not  deny 
that  ’tis  poflible  one  objeCt  may,  in  different  regards,  be  referr’d  to  more 
than  one  of  thefe  forts ; as  may  fufficiently  appear  in  that  nobleft  of  objeCts, 
God  ; who,  when  he  made  the  world  out  of  nothing  ; or,  when  hedifcerns 
the  molt  fecret  thoughts  and  intentions  of  the  mind  ; or,  when  he  unites 
an  immaterial  fpirit  to  a human  body,  and  maintains,  perhaps,  for  very 
many  years,  that  matchlefs  union,  with  all  the  wonderful  conditions  he  has 
annex  d to  it ; he  fupplies  us  with  inftances  of  things  that  are  inexplicable: 
for  fuch  operations  are  not  reducible  to  any  of  the  ways  of  working  known 
to  us,  fince  oui  minds  can  but  modify  themfelves  by  various  manners  of 
thinking.  And,  as  for  things  without  us,  all  that  one  body  can  do  to 
another,  by  aCting  on  it,  is  to  communicate  motion  to  it  ; and  thereby 
produce  in  it  the  natural  confequences  of  fuch  motion  ; in  all  which,  there 
is  no  aCtion  like  any  of  thofe  I juft  now  aferibed  to  God.  And  fince  the 
prefcience  of  thofe  future  events,  which  we  call  contingent,  being  a per- 
fection, is  not  to  be  deny’d  to  God  ; and  fince  this  feems  irreconcileable  to 
the  freedom  of  human  aCtions,  it  will  afford  us  an  inftance  of  truths, 
whofe  confiftency-,  and  whofe  fymmetry  with  the  body  of  other  truths,  our 
reafon  cannot  diicern  ; and  which,  therefore,  ought  to  be  referr’d  to  that 
fort  of  things  above  reafon,  which  1 call  unfociable. 

1 come  now  to  the  third  fort  of  thefe  things,  that  mention’d  under 
the  name  of  incomprehenfible,  or  fupra-intelleCtual  ; which  title,  whe- 
ther it  belongs  to  any  other  object,  or  no,  certainly  belongs  to  God, 
whofe  nature  comprehending  all  perfections,  in  their  utmoft  poflible  de- 
grees, is  not  likely  to  be  comprehenfible  by  our  minds,  who  wholly  want 
feveral  of  thofe  perfections,  and  have  but  moderate  ftiares  of  the  reft.  We 
are,  indeed,  born  with,  or,  atleaft,  have  a power,  and  feveral  occafions 
to  frame  an  idea  of  a Being  infinitely  perfeCt;  and,  by  this  idea,  we  may 
fufficiently  diferiminate  the  origin  of  it,  God,  from  all  other  objeCts  what- 
foever  :^but,  when  we  come  to  confider  attentively,  and  minutely,  what  is 
•contain’d  in  the  notion  of  omnipotence,  omnifcience,  eternity,  and  thofe 
other  attributes  thatare  all  united  in  thatgreataffluence  of  perfections,  God ; 
we  may  be  fure  to  find,  that  our  faculties  are  exceedingly  furmounted  by 
the  vaftnefs  and  glory  of  that  unlimited,  and  unparallel’d  objeCt;  about 
which,  as  we  can  difeover  that  it  exifts,  and  that  it  poffeffes  all  the  perfe- 
ction we  can  conceive  ; fo  we  may,  at  the  fame  time,  difeern,  that  it  muft 
have  degrees  of  perfection,  which,  becaufe  of  the  inferiority  of  our  nature, 
we  are  not  able  to  comprehend.  Yet  this  difeovery  of  God’s  incomprehen- 
sibility, may  be  made,  without  fubtile  inquiries,  and  without  trains  of  con- 
fequences, tho’  not  without  attention,  by  a direCt  view  of  the  mind  ; which 
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finds  itfelf,  upon  trial,  as  unable  fully  to  meafure  the  divine  perfections, Physics. 
as  the  dimenfions  of  fpace,  which  we  can  conceive  to  be  greater  and  great-  iyy\ j 
er,  without  ever  being  able  to  determine  any  extent  beyond  whofe  limits 
they  cannot  reach. 

’Tis  indeed,  therefore,  arrogance  to  talk  of  infinite,  or  of  privileg’d 
things,  with  the  fame  confidence,  or  to  pretend  to  do  it  with  the  fame 
clearnefs  wherewith  knowing  men  may  fpeak  of  things,  unqueftionably 
within  the  compafs  of  our  underftandings ; but  this  need  not  hinder  us, 
nor  doth  difable  us  from  fpeaking  rationally  of  privileg’d  things  them- 
felves.  For  all  allowable  notions  are  not  of  the  fame  fort,  or  order  ; and 
if  none  were  to  be  admitted  but  thofe  that  enable  us  to  comprehend  the  ob- 
ject, that  is,  which  give  us  a clear  and  diftindt  knowledge  of  all  that  it 
contains,  or  that  belongs  to  it;  I muft  confefs  we  have  no  good  notions  of 
privileg’d  things  in  particular.  I muft  add,  that  I fear  we  have  few  or 
none,  even  of  many  things,  that  we  think  ourfelves  very  knowing  in  ; 
and  when  we  fpeak  of  things  as  being  above  reafon,  tho*  we  have  no  clear, 
diftindt,  and  adequate  idea  of  them  ; yet  we  may  have  a general,  confu- 
fed,  and  inadequate  notion  of  them,  which  may  fuffice  to  make  us  diftin- 
guifti  their  refpedtive  objedls  from  all  elfe,  and  from  one  another;  as  may 
be  obferv’d  in  feveral  ideas  that  are  negatively  framed;  fuch  as  thofe  we 
have  of  invifible,  incomprehenfible,  and  in  others  which  I formerly  call’d 
inferr’d,  becaufe  they  accompany  the  remote  inferences  whereby  one  truth 
is  concluded  from  another:  as  when  geometricians  infer  from  fome  propo- 
fitions  in  Euclid , that  any  ftrait  line  may  be  divided  farther  and  farther, 
without  ftop.  For  of  this  and  fome  other  propofitions  about  privileg’d 
things,  we  are  not  quite  deftitute  of  allowable  notions,  as  may  appear  by 
fome  admirable  /peculations  of  mathematicians  about  the  affedlions  of  furd 
numbers,  and  incommenfurable  magnitudes,  of  fome  of  which  we  have 
no  fuch  clear  and  fymmetrical  conceptions  as  we  have  of  many  other  things 
that  are  of  a nearer  and  more  intelligible  order.  I fhall  not  therefore  fcru- 
ple  to  acknowledge,  that  by  my  own  experience,  the  confeftions  of  o- 
thers,  and  by  their  unfuccefsful  attempts,  I am  induced  to  think,  that 
God,  who  is  a moft  free  agent,  having  been  pleafed  to  make  intelligent 
Beings,  may  perhaps  have  made  them  of  different  ranks,  or  orders,  where- 
of men  may  not  be  the  principal ; and  that  whether  there  be  fuch  orders  or 
no,  he  hath  at  leaft  made  us  men  of  a limited  nature  in  genera],  and  of 
a bounded  capacity,  and  accordingly  hath  furnifh’d  man  either  with 
certain  innate  ideas,  or  models,  and  principles ; or  with  a faculty,  or 
power,  and  difpofition,  eafily  to  frame  them,  as  it  meets  with  occaficns 
to  excite  them.  But  becaufe  God  intended  the  mind  of  man  of  a limi- 
ted capacity,  his  underftanding  is  fo  conftituted,  that  the  in- bred,  or  eafily 
acquired  ideas,  and  primitive  axioms,  wherewith  it  is  furnifh’d,  and  by 
relation  or  analogy  whereto  it  judges  of  all  other  notions  and  propofi- 
tions, do  not  extend  to  all  knowable  objedls  whatfoever,  but  reach  only 
to  fuch  as  have  a fufficient  affinity,  or  bear  fome  proportion  to  thofe 
primary  ideas,  and  rules  of  truth,  which  are  fufficient,  if  duly  improv’d, 
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to  help  us  to  attain,  tho’  not  the  perfedt  knowledge  of  truths  of  the  hi»h- 
eft  order,  yet  the  competent  knowledge  of  as  much  truth  as  God  thought 
fit  to  allow  our  minds,  in  their  prefent  dateof  union  with  our  bodies. 

And,  indeed,  I fee  no  reafon  to  repine  at  the  limits  which  the  author  of 
nature  affigns  to  human  knowledge  *,  for  the  number  of  privileg’d  things 
is  altogether  inconfidcrable,  in  comparifon  of  the  multitude  of  others,  to 
which  our  knowledge  may  be  improv’d  to  reach,  and  which  it  far  more 
concerns  us  well  to  know,  than  it  doth  to  refolve  puzzling  quedions  about 
things  mcomprehenfible  ; there  being,  within  the  compafs  of  thofe  truths, 
enough  to  employ  and  reward  our  diligence,  without  (training  and  tiring 
our  reafon  about  objedls  that  tranfcend  it.  Yet  even  about  thefe  fome  in- 
quiries may  be  allowed  ; for  an  objedt  that  is,  on  account  of  fome  of  its 
properties,  privileg’d,  may  have  feveral  others  belonging  to  it,  that  do 
not  furpafs  our  reafon,  and  whofe  knowledge  may  therefore  be  attain’d  bv 
the  due  employment  of  it.  Thus  we  ufefully  (tudy  the  nature  of  bodies, 
which  make  up  the  objedt  of  natural  philofophy,  tho’  the  true  notion  of 
body  in  general  be  a thing  fo  difficult  to  frame,  that  the  bed  of  our  mo- 
dern philosophers  can  by  no  means  agree  about  it.  This  I do  not  wonder 
at,  becaufe  if  we  purfue  the  notion  of  body  to  the  utmofi,  ’twill  lead  us 
to  the  perplexing  controverfy  de  compofitione  continui  \ and  there  the  under- 
itanding  will  be  left  in  the  dark.  Thus  furveyors,  carpenters,  archiredts, 
and  many  others,  know  feveral  properties  of  the  fqua re  figure,  that  are 
ot  great  ufe  to  them  in  their  refpedtive  employments,  tho*  this,  that  its 
fide  and  diagonal  are  incommenfurable,  be  unknown  to  mod  of  them : 
and  it  they  were  told  of  it,  and  (hould  profecute  the  fpeculation,  ’twould 

involve  them  in  exceeding  great,  and,  probably,  infuperable  difficul- 
ties. 

And  even  about  privileg’d  things,  our  inquiries,  if  difcreetly  manag’d 
may  not  only  be  allowable,  but  fometimes  profitable.  For  of  fuch  fub- 
jedls  a dudious  fearch  may  bring  us  to  know  more  than  we  did,  tho’  not 
io  much  as  we  would,  nor  enough  to  be  acquiefced  in.  This  may  proba- 
bly teach  us  to  know  both  the  objedts  better,  and  ourfelves  the  better  too, 
by  giving  us  fuch  a fenfible  difeovery  of  the  inefficiency  of  our  under- 
dandings  to  comprehend  all  forts  of  things,  as  may  be  very  ufeful,  tho* 
not  pleafing  -,  and  may  richly  reward  the  pains  that  ended  in  fo  indrudlive 
a difappointment.  Thus  in  the  nobled  indance  that  can  be  given,  the  con- 
templation of  God  himfelf,  tho’  he  has  fo  order’d  all  things,  that  ’tisfcarce 
poffible  for  us  to  be  deditute  of  an  idea  of  him  ; yet  when  we  come,  with 
a fufficient  application  of  mind,  to  pry  into  the  wonderful  attributes  of 
this  mod  fingular  and  adorable  Being,  we  are  fure  to  find  ourfelves  unable 
to  comprehend  fo  unbounded  an  objedt.  This,  however,  ought  not  to 
difeourage  us  from  fo  noble  a dudy,  fince  we  are  allowed  the  great  con- 
tentment and  honour  to  make  further  and  further  difeoveries  of  the  mod 
excellent  of  objedts,  by  that  very  immenfity  of  his  perfedtions  that  renders 
it  impoflible  for  us  to  reach  to  the  bounds  of  his  excellency,  or  rather  to 
difeover  that  it  has  any  bounds  at  ail. 
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I Proceed,  in  the  next  place,  to  offer  Tome  rules  and  directions  whereby  Rules forjuJg 
to  regulate  andeftimate  the  reafonings  we  meet  with  concerning  things  ing  of  things 
above  reafon.  above  reafon- 

And,  firft,  I would  obferve,  that  as  to  privileg’d  fubjedts,  we  fhould  Thefirjl  rule. 
not  admit  any  affirmative  aflertion,  without  fuch  proofs  as  are  fufficient 
in  their  kind. 

For  ’tis  not  reafonable  to  give  aflent  to  any  thing,  as  a truth,  without 
a fufficient  ground  for  that  alfent : and  tho’  it  may  well  be  granted  in  the 
general  that  a thing  which  furpafles  our  reafon  may  have  belonging  to  it 
fome  property  that  is  alfo  above  reafon  i yet  we  are  not,  in  particular,  to 
believe  that  this  or  that  affedtion  belongs  to  it,  without  particular  and  com- 
petent proof.  For  fince  about  a privileg’d  thing,  as  well  as  about  any  o- 
ther,  propofitions  may  be  framed,  and  often  are  fo,  contrary  to  one  ano- 
ther j to  affent  to  both  were  certainly  to  believe  one  falfity,  if  not  two. 

And  if  we  will  aflent  but  to  one,  we  muft  either  judge  at  adventures,  or 
allow  ourfelves  to  examine  the  mediums  of  probation,  employ’d  on  both 
fides  ; and  thereupon  judge  why  one  of  the  propofitions  is  to  be  aflented 
to,  and  the  other  rejected.  This  manly  freedom  muft  be  allow’d,  with- 
out which  our  underftandings  were  liable  to  be  impos’d  on,  in  matters  of 
the  higheft  concern  ; for  there  fcarce  ever  did,  or,  I fear,  ever  will,  wane 
fome  men,  who,  either  out  of  ignorance,  and  paffive  delufion,  felf-con- 
fidence,  or  defign,  take  upon  them  with  great  boldnefs  to  affirm  what  they 
pleafe  about  privileg’d  fubjedts  : and  when  they  are  oppofed  in  their  extra- 
vagancies, by  reafonings  they  cannot  anfwer,  they  urge  that  thefe  things 
being  above  reafon,  are  not  to  be  judg’d  of  by  it.  But  of  fuch  men  as 
thefe  I ufually  demand,  whether  their  own  aflent  to  the  things  they  would 
have  us  believe,  be  grounded  upon  fome  rational  argument,  or  not.  If 
they  fay  ’tis  not,  they  are  fools  to  believe  it  themfelves  ; and  I fhould  add 
to  the  number,  if,  after  this  acknowledgment,  I believ’d  them.  But  if 
they  fay  it  is,  I defire  them  to  produce  their  argument ; for  fince  ’tis  fra- 
med by  a human  underftanding,  the  force  of  it  may  alfo  be  comprehended, 
and  judg’d  of  by  a human  underftanding:  and  ’tis  to  no  purpofe  to  fay 
the  fubjedt  furpafles  human  reafon ; for  if  it  do  fo  indeed,  it  will  furpafs 
theirs,  as  well  as  mine,  and  fo  leave  us  upon  even  terms.  And  let  the 
thing  aflented  to  be  what  it  will,  the  aflent  itfelf  ought  to  be  founded  upon 
a fufficient  reafon,  and  confequently  upon  one  that  is  intelligible  to  the  hu- 
man underftanding  that  is  wrought  on  by  it. 

The  pofitive  proofs  requir’d  for  an  aflertion,  about  a privileg’d  thing, 
muft,  we  fay,  be  fufficient  in  their  kind  ; but  we  are  not  to  expedt  rigid 
demonftrations  of  fuch  aflertions : for  fince  ’tis  manifeft  that  there  are 
many  truths,  fuch  as  hiftorical  and  political  ones,  that,  by  the  nature  of 
the  things,  are  not  capable  of  mathematical  or  metaphyfical  demonftra- 
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Physics.  tfons,  yet,  being  really  truths,  have  a juft  title  to  ouraflent^  it  muft  be 
L/W  acknowledg’d,  that  a rational  aflent  may  be  founded  upon  proofs  that 
reach  not  to  rigid  demonftrations it  being  fufficient  that  they  are  ftrong 
enough  to  make  a wife  man  acquiefce  in  them.  And  therefore  if  any  things 
can  be  made  out  to  be  reveal’d  by  God,  concerning  his  own  nature,  a&ions, 
or  decrees,  we  ought  to  receive  them  ; becaufe,  of  fome  of  thofe  things, 
as  his  prefcience,  mercy,  &c.  we  can  have  no  better  proofs ; and  of  o- 
thers,  as  what  he  did  before  our  world  was  made,  and  what  he  will  do 
with  us  after  we  are  dead,  we  can  have  no  other  confiderable  proofs  at  all. 
There  is  no  reafon  to  think,  that  becaufe  an  objetft  furpafles  the  human 
underftanding,  it  muft  therefore  furpafs  the  divine  intellect  itfelf.  Even 
in  the  things  that  are  tranfadled  in  the  mind  of  man,  I may  learn  from  a- 
nother,  who  is  not  my  fuperior,  what  I can  by  no  means  attain  to  know, 
unlefs  he  be  pleas’d  to  difcover  it  to  me. 

Intelligibility  to  the  human  underftanding  feems  no  more  neceftary  to 
the  truth  or  exiftence  of  a thing,  than  that  vifibility  to  a human  eye  fhould 
be  neceftary  to  the  exiftence  of  an  atom,  or  of  a corpufcle  of  air,  or  of 
the  effluvia  of  a load-ftone,  or  the  fragrant  exhalations  of  amber-greece, 
or  musk.  The  natural  incapacity  of  a child  to  underftand  the  abftrufe 
properties  of  parabola’s,  hyperbola’s,  and  the  incommenfurable  lines  of 
a fquare,  hinders  not  thofe  figures  from  exifting,  or  their  properties  from 
being  true  and  demonftrable.  And  tho’  we  do  admit  fome  privileg’d 
things,  yet  there  is  no  neceftity  that  we  fhould  be  debarr’d  from  all  know- 
ledge of  thofe  fublime  objetfts  in  which  there  are  many  things  whereof  we 
muft  confefs  ourfelves  ignorant.  The  ancient  geometricians  knew  very 
well  what  a rectangular  triangle  was,  when  they  conceiv’d  it  to  be  a figure 
confifting  of  three  ftrait  lines,  two  of  which  comprize  a right  angle  ; tho5 
probably,  for  a great  while,  they  did  not  know  all  its  chief  properties ; 
fince,  for  ought  appears,  before  Pythagoras,  it  was  not  known  that  the 
fquare  of  the  hypothenufe  is  equal  to  the  fquares  of  both  the  other  Tides 
taken  together  ; and  much  more  likely  it  is  that  they  were  not  able  to  folve 
thofe  difficulties  which  attend  the  endlefs  divifibility  of  lines  inferable  from 
that  equality. 

But  every  thing  hard  to  be  underftood,  or  contrary  to  the  common 
rules  of  probability,  has  not  a right  to  pafs  for  privileg’d-,  * ** for  then  the 
paradoxes  about  furd  quantities,  the  duplicate  proportion,  and  feveral 
other  furprizing  do&rines,  capable  of  mathematical  demonftrations,  would 

be 


* “ Let  it  be  propofed  (fays  the  irige- 
“ nious  Mr.  Hauksbee ) to  reprefent  the 
“ figure  of  an  objeft,  placed  behind  an  o- 
“ pake  body,  upon  the  contrary  fide  of  that 
opake  body,  and  this  without  the  help 
“ of  optic-glafTes,  or  any  foreign  adventi- 
“ tious  lights:  perhaps  the  folution  might 
“ be  thought  impoflible,  or  the  very  terms 

**  of  the  problem  abfurd  and  contradifto- 


“ ry.  For  the  body,  on  which  the  fi* 
“ gure  is  to  be  feen,  muft  be  opake  by 
“ the  hypothefis , and  the  objett  placed 
“ on  the  contrary  fide  to  that  whereon 
“ ’tis  feen  ; fo  that  either  the  light  muft 
“ be  tranfmitted  thro’  this  body,  and  then 
“ ’tis  not  opake,  contrary  to  the  fuppo- 
“ fition;  or  elfe  the  light  muft  not  be 
“ tranfmitted,  and  then  no  figure  could 

“ be 
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be  privileg’d.  Nor  are  all  thofe  worthy  of  this  title,  that  are  by  many  Physics. 
propofed  and  embraced  as  philofophical  myfteries  ; fuch  as  fubftantial 
forms,  which  are  really  only  fcholaftic  chimeras.  But  tho’ I ftiallnot  pre- 
fume,  pofitively,  to  fet  down  the  difcriminating  bounds,  and  flgns  of  pri- 
vileg’d things  ; yet  moft,  if  not  all  of  them,  are  either  primary  in  their 
kind,  as  God  himfelf,  and  the  things  whofe  nature  flows  immediately  from 
him  y or  elfe,  things  that,  if  thoroughly  infpe<5ted,  neceflarily  involve  the 
confideration  of  fomekindof  Infinitum  \ or  elfe,  are  fuch,  that  tho*  in 
fome  principal  queftions  about  them,  one  fide  mu  ft  be  taken,  both  fides 
are  encumber’d  with  abfurdities,  or  fcarce  fuperable  difficulties.  Thefe 
being  the  ufual  marks  that  belong  to  privileg’d  things,  their  number  can- 
not be  very  great*,  and  therefore,  we  fhall  not,  by  allowing  them,  want 
objefts  whereon  to  exercife  our  faculties. 

2 dlyj  We  fhould  not  be  hafty  to  frame  negatives  about  privileg’d  Afecondrule. 
things  ; or  to  rejedt  explications,  or  propofitions  of  them,  as  if  they  were 
abfurd,  or  impoflible. 

We  obferve,  that  even  in  natural  things,  ’tis  very  unfafe  to  affirm,  or 
rejeft  opinions,  before  men  have  a competent  hiftorical  information  of 
what  belongs  to  the  fubjedt  they  take  upon  them  to  judge  of.  And  there- 
fore, it  mult,  in  reafon,  be  thought  much  more  unwary  to  be  forward  to 
refolve  upon  negative  propofitions,  about  things  which,  fince  we  our- 
felves  acknowledge  to  be  above  the  reach  of  human  reafon,  ’twill  become 
us,  at  leaft  to  forbear  a rude,  and  infulting  way  of  rejedting  the  opinions 
of  learned  men,  who  diflent  from  us,  about  fuch  things ; for  the  fubli- 
mity  of  the  fubjedt  may  render  miftakes  the  more  excufable,  becaufe  dif- 
ficult to  be  avoided  *,  and  our  own  fharing  in  the  inability  of  penetra- 
ting fuch  abftrufe  things,  fhould  keep  us  from  being  over-confident,  that 
we,  alfo,  may  not  be  miftaken ; and  incline  us  to  tolerate  other  men’s 
opinions,  about  matters  wherein  ourfelves  have  only  opinion,  not 
fcience. 

But,  I muft  not  be  underftood  to  fpeak  againft  all  framing  of  negative 
propofitions,  about  privileg’d  things  *,  my  defign  being  to  diflfuade from  do- 
ing it  haftily:  for,  fometimes,  ’tis  much  more  eafy  andfafe,  to  deny  things. 


“ be  feen;  for  all  diftributions  of  light, 
by  optical  artifices,  are  excluded. 
“ The  thing,  however,  is  plain  matter  of 
“ faCt as  he  fhews,  by  lining  a globe  of 
glafs,  in  part,  with  melted  fealing-wax, 
common  fulphur,  or  melted  pitch,  and  gi- 
ving it  a circular  motion ; for  when  his 
hand  was  then  applied  to  the  lined  part, 
he  diftinCtly,  and  perfectly  faw  the  fhape 
and  figure  thereof,  upon  the  concave  fur- 
face  of  the  wax,  &c.  within.  Hence  that 
Gentleman  thinks  it  may  be  ufeful  to  ob- 
ferve, " that  many  odd  effects,  and  ap- 
“ pearances,  againft  the  poflibility  where- 


“ of,  men  may  feem  to  argue  very  plau- 
“ fibly,  and  to  find  downright  abfurdities^ 
“ and  contradictions  in,  may  yet  be  brought 
“ about  by  the  genuine  force  of  nature, 
“ aCting  in  convenient  circumftances,  upon 
“ proper  and  fuitable  bodies and  there- 
fore, that,  “ we  fhould  not,  upon  fuch 
“ occafions,  proceed  to  conclude  too  pe- 
“ remptorily,  what  may,  or  may  not  be 
“ done;  and  think  that  every  difficulty, 
“ or  apparent  impoffibility  to  us,  is  a real 
“ one  to  nature.”  See  Hauksb.  Experi- 
ment. p.167, — 1 71.  p.  268. 
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Physics,  than  to  affirm  them  to  belong  to  a fubjedt  that  furpafies  our  reafon.  And, 
the  obfervation  may  be  of  ufe,  efpecially  in  two  cafes  ; one,  when  the  ne- 
gative, weafiert,  is  grounded  not  upon  axioms  taken  from  the  ufual  courfe 
of  nature,  or  upon  proportions  dubious,  or  remote  from  the  firft  prin- 
ciples of  knowledge  ; but  upon  either  univerfal,  or  metaphyfical  axioms  ; 
or  elfe  upon  truths  manifeftly  flowing  from  fome  clear,  tho’  inadequate 
notion,  we  have  of  the  nature  of  the  things  we  treat.  The  other  cafe  is, 
when  we  have  a clear  and  fufficient  proof  by  revelation,  or  otherwife,  of 
thepofitive  attributes  of  the  things  we  contemplate;  for  then  we  may 
fafely  deny  of  that  fubjedt,  any  other  thing  that  is  really  inconfiftent  with 
the  pofitive  attribute.  Upon  which  account,  tho’  we  do  not  fully  com- 
prehend what  God  is,  yet  knowing  by  the  clear  light  of  nature,  that  he  is 
a Being  intelligent,  and  infinitely  perfedt,  we  may  fafely  deny,  againft 
Epicurus , Vorjlius , and  Mr.  Hobbs , that  he  is  a corporeal  fubftance ; as 
alfo  that  he  is  mortal,  or  corruptible. 

A third  rule  %dly,  A matter  of  fadt,  or  other  propofition  about  privileg’d  things,  be- 

*uS  Prov,d  by  arguments  competent  in  their  kind,  we  ought  not  to 
deny  it  merely  becaufe  we  cannot  explain,  or,  perhaps,  fo  much  as 
conceive  the  Modus  of  it. 

I have  obferv’d  a want  of  clearnefs  in  feveral  difcourfes,  where  the 
term  Modus  has  been  employ’d.  Sometimes  we  would  deny  by  it,  fomuch 
as  a poffibility  that  one  thing  can  belong  to,  or  be  truly  faid  of  another  ; 
as  when  we  fay,  we  underftand  not  how  one  creature  can  create  another,  or 
how  there  can  be  a line  that  is  neither  ftrait  nor  crooked,  or  a finite  whole 
number  that  is  neither  even  nor  odd.  But  mod  commonly  we  mean,  by 
our  not  underftanding  the  Modus  of  a thing,  that  we  do  not  clearly  and  di- 
ftindtly  conceive  after  what  manner  the  property,  or  other  attribute,  of  a 
fubjedt  belongs  to  it,  or  performs  its  operations.  The  firft  kind  may  be 
call’d  a poffible  Modus , and  the  other  an  actual  Modus.  Now  in  both  the 
foregoing  acceptations  of  the  term,  we  may  find  inftances  fit  for  our  pre- 
fent  purpofe.  For  we  cannot  imagine,  how  a fhort  line,  or  other  infinite 
quantity,  fhould  be  endlefly  divifible ; or,  on  the  contrary,  how  infinite 
parts  fhould  make  but  a finite  total : and  yet  geometry  conftrains  us  to  ad- 
mit that  it  is  fo.  But  tho*  there  be  few  inftances  of  this  kind,  yet  of  the 
other  fort  of  our  ignorance  of  the  Modus  of  things,  there  may  be  found 
more  inftances  than  we  could  wifh  there  were  ; for  even  in  natural  and 
corporeal  things,  the  eager  difputes  of  the  beft  philofophers,  and  the  in- 
genious con  feffi  on  of  the  moft  judicious  and  moderate,  Efficiently  mani- 
feft,  that  as  yet  we  know  not  the  manner  of  operation,  whereby  feveral 
bodies  perform,  what  we  well  know  they  bring  to  pafs.  And  not  to  enter 
into  thofe  nice  and  tedious  difputes,  about  thecaufe  of  thecohefion  of  the 
parts  of  matter  in  the  fmalleft,  moft  principal,  and  moft  primary  bodies ; 
perhaps  the  way  whereby  the  rational  foul  exercifes  any  power  over  the 
human  body,  and  the  way  whereby  the  underftanding  and  the  will  adt 
upon  one  another,  have  not  yet  been  intelligibly  explain’d  by  any.  The 
like!  may  fay  of  the  phenomena  of  the  memory  ; efpecially  in  thofe  who 
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are  eminent  for  that  faculty.  ’Tis  hard  to  conceive,  how  in  fo  narrow  a Physics. 
compafs  as  part  of  a human  brain,  there  fliould  be  fo  many  thoufand  di-  V./VNJ 
ftindt  cells  or  impreffions,  ksare  requifite  to  harbour  the  charatters  or  fig- 
natures  of  feveral  languages,  each  of  them  confiding  of  many  thoufand 
different  words;  befides  the  images  or  models  of  fo  many  thoufand 
faces,  fchemes,  buildings,  and  other  fenfible  objedts,  and  the  ideas  of  fo 
many  thoufand  notions  and  thoughts,  and  the  diftindt  traces  of  multitudes 
of  other  things  : and  how  all  thefe  (hall,  in  fo  fmall  a fpace,  have  fuch  deep 
and  lading  impreflions  made  for  them,  and  be  oftentimes  lodg’d  fo  exadtly 
in  the  order  wherein  they  were  at  fird  committed  to  the  memory,  that 
upon  a fudden  command  of  the  will,  or  a flight  cafual  hint,  a whole  fett 
of  words,  things,  and  circumdances,  will  in  a trice,  as  it  were,  dart  up, 
and  prefent  themfelves,  even  in  the  very  feries,  order,  and  manner,  where- 
in they  long  before  were  ranged.  And  I doubt  not,  that  befides  thofe 
abdrufe  things,  about  the  Modus  of  which,  the  more  candid  philofophers 
have  confefs’d  their  ignorance,  there  would  others  have  been  taken  notice 
of,  if  we  did  but  as  fully  and  impartially  inquire  into  the  nature  of  all 
the  things  we  think  we  know.  And  confldering  the  yet  depending  dis- 
putes between  philofophers  and  mathematicians,  about  the  nature  of  place 
and  motion,  which  are  things  obvious  and  familiar  to  us ; one  might, 
without  other  inducements,  be  inclined  to  think,  we  fliould  find  many  dif- 
ficulties in  many  other  fubjedfs,  wherein  we  do  not  now  take  notice  of 
any,  if  we  particularly  Studied  their  nature  ; and  that  our  acquiefcing  in 
what  we  have  learn’d  about  many  things,  proceeds  not  from  our  greater 
knowledge  of  their  nature,  but  from  our  having  exercifed  lefs  curiofity 
and  attention  in  confldering  it.  And  if  in  things  corporeal,  that  are  the 
familiar  objedts  of  our  fen fes,  we  are  often  reduced  to  confefs  our  igno- 
rance of  the  Modus  of  their  existing,  or  operating  ; it  will  not  be  denied, 
that  to  a Being  wholly  unapproachable  by  our  fenfes,  natural  philofophy 
may  be  allow’d  to  afcribe  fome  things,  who fe  Modus  is  not  attainable  by 
our  underflanding:  as  the  divine  prefcience,  which,  as  ’twere  impious  to 
deny,  fo,  I fear,  ’tis  impofllble  to  explain,  as  to  the  Modus  of  it. 

And,  perhaps,  upon  the  fame  grounds,  ’tis  as  inconceivable,  that  God 
fliould  fee  our  thoughts,  as  how  he  can  know  our  outward  adtions  ; for 
Since  we  have  no  way  of  discerning  the  particular  motions  of  mens  bodies, 
butby  fomeof  our  fenfes,  especially  our  fight ; and  Since  thofe  fenfations 
themfelves  necefiarily  require  organs  duly  conftituted,  that  is,  made  up  of 
feveral  parts,  framed,  and  join’d  together  after  a determinate  manner;  I 
fee  not  how  we  can  explain  the  perception  of  vifible  objedts,  without  an 
eye,  or  fo  much  as  any  corporeal  organ  or  fubftance  ; efpecially.  Since  ’tis 
very  juftly  aflerted,  that  the  deity  is  not  united  to  any  portion  of  matter, 
as  the  human  foul  is  to  the  human  body. 

We  do  not,  however,  deny  to  God  either  the  power  of  moving  matter,  or 
that  of  perceiving  all  its  motions  ; fqr  which  there  is  fome  pofitive  proof, 
competent  in  its  kind.  For  if  there  be  an  effect,  that  we  difcern  mull 
proceed  from  fuch  a caufe  or  agent,  we  may  conclude,  that  fuch  a caufe 
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Physics,  there  is;  tho*  we  do  not  particularly  conceive  how,  or  by  what  operation, 
*tis  able  to  produce  the  acknowledg’d  effed.  Thus,  tho’  a man,  otherwife 
of  good  judgment,  being  wholly  a ftranger  to  mathematics,  cannot con- 
^ ceive  how  a skilful  aftronomer  Ihould,  many  years  before-hand,  foretel 
eclipfes  to  a day  and  hour,  and  perhaps  to  a few  minutes;  yet  when  the 
fuccefs,  as  it  often  happens,  verifies  fuch  predidions,  he  will  be  fatisfied 
that  the  maker  of  them  had  the  skill  to  foreknow  the  things  foretold  in 
them.  And  fo  the  generality  of  learned  men  among  us,  who  are  not  much 
acquainted  with  that  part  of  navigation,  which  fome  moderns  call  Limen- 
euretica , or  the  art  of  fleering  to  harbours,  cannot  well  conceive  how  a 
fhip  that  is,  for  inftance,  in  the  vaft  Atlantic  ocean,  above  a thoufand  miles 
from  any  fhore,  fhould  be  fo  direded,  as  to  arrive  juft  at  a little  harbour, 
not  cannon-fhot  over  ; which  perhaps  neither  the  pilot,  nor  any  other  in 
the  fhip,  ever  faw.  And  yet,  as  little  as  we  diftindly  conceive  how  fuch 
an  art  of  finding  ports  can  be  framed,  we  fcruple  not  to  allow  there  is  fuch 
an  one,  becaufe  navigators  to  the  Eaft  and  Weft-Indies  could  not,  without 
it,  find  the  remote  ports  they  are  bound  for. 

Thereisafecondfort  of  pofitive  proofs,  confiding  of  thofe  con fequen- 
ces  that  are  clearly  and  juftly  drawn  from  any  manifeft,  acknowledg’d,  or 
already  demonftrated  truth.  To  this  belong  feveral  mathematical  propo- 
fitions  and  corollaries  ; which,  tho’  being  nakedly  propofed,  they  feem  in- 
credible to  the  generality  of  learned  men,  and  fometimes  to  mathematicians 
themfelves,  are  yet  fully  afiented  to,  becaufe  they  clearly  follow  from 
either  manifeft  or  demonftrated  truths.  Thus,  many  cannot  conceive 
how ’tispofilble  there  may  be  millions  of  circles,  whofe  circumferences 
fhall  each  of  them  come  nearer  and  nearer  to  another,  and  to  a ftrait  line 
afiign’d  ; and  yet  none  of  them  touch,  and  much  lefs  cut  either  any  other 
circle,  or  that  line,  but  in  the  fame  point : and  yet  this  is  one  of  thofe  odd 
propofitions  that  geometricians  have  rightly  deduced,  as  corollaries  from 
a propofition  of  Euclid . And,  tho*  we  cannot  clearly  conceive,  how  two 
lines,  that,  at  their  remoteft  ends,  are  but  little  diftant  from  each  other, 
Ihould  perpetually  incline  to  each  other,  without  ever  meeting  ; yet  geo- 
metricians, that  is,  the  moft  rigid  reafoners  we  know  of,  have  been  com- 
pell’d  to  admit  this  in  the  conchoid  of  Nicomedes . 

A fourth  rule,  \thly,  When  we  treat  of  privileg’d  fubjeds,  we  are  not  bound  to 

fuppofe  every  thing  falfe,  that  feems  to  oppofe  fome  receiv’d  dictate  of 
real'on. 

For,  it  being  evident,  that  a great  part  of  the  dictates  of  reafon  are  ne- 
gative,and  that  negativepropofitionsufually  fpring  from  the  repugnancy  we 
judge  fome  things  haveto  a pofitive  didate  of  reafon  ; if  thofe  pofitive  di- 
dates contain  but  gradual  and  limited  truths,  and  come  to  be  unduly  ex- 
tended to  privileg’d  fubjeds,  it  may  very  poftibly  happen,  that  a thing, 
really  true,  will  appear  falfe,  if  judg’d  of  by  its  agreement  to  one  of  thofe 
limited,  and  but  relpedive  didates.  ’Tis  alfo  clear,  that,  in  natural 
philofophy,  the  ufual  ground  on  which  we  rejed  many  things,  is,  that  we 
judge  them  unintelligible.  And,  I cenfure  not  the  pradice  in  general,  but 
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think  it  may  eafily  miflead  us,  when  extended  to  things  that  apparently  Ph 
tranfcend  our  reafon,  as,  for  ought  yet  appears,  fome  of  the  modus’s,  even 
of  things  corporeal,  are  found  to  do.  And,  we  fometimes  think  we  have 
made  compleat  enumerations  of  the  feveral  ways  of  the  exigence  of  an  ^ 
attribute  in  a fubjecff,  or  of  the  operation  of  one  thing  upon  another, 
when,  indeed,  we  have  over-look’d  one  or  other  of  them  *,  and,  perhaps, 
that  which  we  have  thus  omitted,  may  be  the  true  one  ; tho’,  pofflbly,  no 
attention,  and  diligence  of  ours,  could,  in  fome  cafes,  have  ferv’d  the 
turn  *,  the  Modus  inquired  after,  being  not  conceivable  by  us,  tho*  it  may 
be  by  a higher  than  a human  intellect. 

The  fchool-philofophers,  for  many  ages,  in  the  catalogues  they  made 
of  the  means  of  a body’s  working  upon  another  at  a diltance,  did  not 
think  of  the  true  ways  by  which  odours  and  founds  are  communicated  to 
us ; and  therefore  had  recourfe  to  certain  unintelligible  things,  which  they 
call’d  intentional  fpecies.  But  the  moderns  acknowledge,  that  odours  are 
communicated  by  effluvia  exhaled  from  the  odorous  body,  and  fitted  to 
affedl  our  noftrils  ; and  that  founds  are  tranfmitted  to  the  ear,  by  the  un- 
dulating motion  which  the  air  is  put  into  by  the  impulfe  of  the  vibrating, 
or  otherwife  agitated  parts  of  the  fonorous  body. 

And  fuppofing  the  reafonable  foul  to  be  an  immaterial  fubftance ; tho% 
men  think  they  havefufficiently  exprefs’d  the  ways  of  determining  the 
motion  of  a body,  by  faying,  that  the  determination  mull  be  either  in 
the  line  wherein  the  impellent  made  it  move,  or  in  the  line  wherein  it 
was  determin’d  to  move  by  the  fituation  of  the  refilling  body ; yet  the 
motions  of  the  animal  fpirits,  if  not  alfo  fome  other  internal  parts  of  the 
body,  may,  the  body  being  duly  difpofed,  be  determin’d  by  the  human 
will  *,  which  is  a way  quite  different  from  the  other.  And  how  the  power 
of  determining  the  motion  of  a body,  without  any  power  to  impart  motion 
to  that  body,  fhould  belong  to  an  immaterial  creature,  which  has  no  cor- 
poreal parts  to  refill  the  free  paffage  of  a body,  and  thereby  change  the 
line  of  its  motion ; is  not  yet,  nor,  perhaps,  ever  will  be,  in  this  life,  clear- 
ly conceived  by  men : tho’  there  is  no  doubt,  that  he  who  endow’d  the 
foul  with  this  attribute  or  power,  perfectly  underdands  both  how  it  exills 
in  the  foul,  and  how  the  foul,  by  exerting  it,  operates  on  the  body. 

I am,  however,  in  no  wife  againll  rejecting  opinions  that  are  found  con- 
trary to  thofe  rules  of  reafon,  at  the  framing  of  which,  the  things  in  que- 
ftion  were  duly  confider’d  : but  in  cafes  not  thought  on,  when  fuch  rules 
were  devifed,  we  are  not  always  bound  to  fubmit  to  be  judg’d  by  them ; 
and  to  maintain  an  opinion  conformable  to  fuch  a rule,  may  be  not  to 
oppofe  a genuine  and  abfolute  didlate  of  reafon,  but  to  redlify  one 
that  is  erroneoufly  thought  fo  •,  by  Ihewing  that  the  rule  is  exprefs’d  in 
more  general  and  indefinite  terms  than  it  ought  to  have  been.  And,  doubt- 
lefs,  ol  two  opinions,  that  is  the  moll  rational,  which  is  moll  agreeable  to 
thofe  rules  of  reafon,  which  are  framed  upon  the  fullefb  information.  5Tis 
eafy  to  fee,  that  in  the  rule  I propofe,  very  few  of  the  cafes  occurring  in 
ordinary  difcourfe,  or  even  in  that  of  philofophers,  will  be  at  all  con- 
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Physics,  cern’d.  And  in  thofe  few  cafes  wherein  I intend  the  rule  fhould  take  placev 
^/YV  I obviate  inconveniencies  by  a double  caution.  The  firft,  by  fuppofing 
that  the  opinion  which  claims  an  exemption  from  the  common  rules,  is 
not  an  arbitrary  or  precarious  tenet,  but  fufficiently  made  out  by  proper 
arguments  ; and  the  fecond,  by  declaring  that  ’tis  not  to  contradid  right 
reafon,  but  bad  reafoners,  to  give  limitation  to  rules  which  have  been  too 
haftily  framed  and  conceived  in  too  general  terms,  by  men  who  either 
were  not  competently  inform’d  of  the  variety  of  particulars,  when  they 
took  upon  them  to  make  analyfes  and  enumerations;  or  elfe  prefumed  to 
infer,  that  a thing  was  not,  becaufe  they  did  not  underftand  the  Modus  of 
its  exigence  or  operation.  And  I have  often  thought  that  the  caufes  of  the 
great  clamour  that  is  made  againft  fome  men,  for  not  obfequioufly  fubmit- 
ting  to  what  fome  others  call  the  rules  of  reafon,  are,  that  men  do  not 
fufficiently  underftand  the  nature  of  things,  and  of  themfelves,  but  enter- 
tain too  narrow  conceptions  of  the  former,  and  too  high  an  opinion  of  the 
latter. 

Re  a fan,  what?  Reafon  is  often  taken  for  a fett  of  notions  and  propofitions  employ’d  and 

acquiefced  in  by  this  or  that  fort  of  reafoners,  who  receive  names  from 
this  or  that  particular  difcipline,  as  aftronomy,  chymiftry,  optics  ; of 
whofe  receiv’d  dodrines  they  are  fuppofed  to  be  intirely  maintainers.  But 
it  is  alfo,  with  at  leaft  as  much  propriety,  ufed  to  fignify  the  rational  fa- 
culty itfelf,  furnifh’d  with  the  light  that  accompanies  it,  when  it  is  rightly 
difpos’d  and  inform’d.  In  the  firft  of  thefe  two  fenfes  it  feems  but  equi- 
table to  allow,  that  fome  things  ought  not  to  be  judg’d  by  all  the  fame 
rules  employ’d  to  judge  other  things  by  ; for  fome  of  thefe  rules  were  fra- 
med upon  a flight  confideration  of  common  and  familiar  things,  either  by 
the  vulgar,  or  by  men  who,  for  want  of  skill  or  application  of  mind,  did 
not  critically  regard  the  diftind  natures  of  things;  and  yet  prefumed  to 
fettle  rules  which  other  mens  inadvertence  or  lazinefs  has  made  them  re- 
ceive for  certain  didates  of  reafon  : whereas  other  natures  fhould  have  been 
then  confider’d,  as  well  as  thofe  ; but  not  having  been  fo,  the  rules  I fpeak 
of  are  not  always  proper  and  fafe,  when  applied  to  thefe  overlook’d  na- 
tures. Thus  fucceffive  Beings,  as  time  and  local  motion,  in  fome  cafes 
require  to  be  eftimated  by  other  meafures  than  fubftances,  whether  mate- 
rial or  incorporeal.  And  fo,  likewife,  the  more  nice  metaphyficians,  ef- 
pecially  among  the  moderns,  have  thought  themfelves  obliged  todifcourfe 
of  modus’s,  relations,  privations,  extrinfecal  denominations,  &V.  in  a 
very  different  way  from  that  which  belongs  to  bodies  and  fpirits  ; tho’  the 
unskilful  are  ftill  apt  to  confound  all  thefe  fubjeds,  by  applying  to  them 
indifcriminately  the  fame  rules,  or,  as  they  imagine,  didates  of  reafon. 

The  generality  of  philofophers,  after  Ariftotle , conceive  place  to  be  the 
immoveable  and  immediately  contiguous  concave  furface  of  the  ambient 
body  ; fo  that  ’tis  a kind  of  vefiel,  which  every  way  contains  the  body 
lodg’d  in  it,  but  with  this  difference,  that  a veffel  is  a kind  of  moveable 
place ; as  when  a bottle  of  wine  is  carried  from  the  cellar  to  the  table : 
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but  place  an  immoveable  vefiel,  or  a vefiel  confider’d  as  immoveable.  Physics. 
Now  fuppofing,  with  Ariftotle , and  the  generality  of  philofophers,  the  ^/W' 
plenitude  of  the  world,  it  may  be  truly  faid,  that  all  plants,  animals,  mi- 
nerals, ftars,  and  other  bodies,  are  each  of  them  in  fuch  an  Anftotelian 
place;  whence  it  has  been  ufually  affirm’d  that  what  is  in  no  place,  is  not 
at  all ; yet  it  appears  not  how  the  outermoft  heaven  can  be  properly  faid 
to  be  in  a place;  fince  thefe  philofophers,  afierting  the  world  to  be  finite, 
muft  grant  there  is  no  ambient  body  without  it,  to  contain  it.  And  if  the 
outermoft  heaven  fhould  be  impell’d,  by  the  power  of  God,  in  a ftrait 
line  this  way  or  that  way,  there  would  enfue  a motion  without  change  of 
place  ; for  the  outermoft  heaven  was  in  none  before,  and  does  not,  by  its 
progreffion,  come  to  be  contained  by  a new  ambient  body:  and  in  this 
cafe,  even  according  to  thofe  modern  favourers  of  Ariftotle , who  approve 
Des  Cartes's  definition  of  local  motion,  the  world  may  be  faid  to  move, 
without  changing  place  ; for  it  does  not  pafs  from  the  neighbourhood  of 
fome  bodies  to  that  of  others  ; fince  comprizing  all  bodies,  and  yet  being 
bounded,  there  is  no  body  for  it  to  leave  behind,  nor  any  beyond,  for  it  to 
approach : and  therefore  tho’  every  particular  body  in  the  univerfe  is  natu- 
rally capable  of  local  motion,  yet  the  univerfe  itfelf  is  not ; and  tho’  every 
particular  body  in  the  world  has  fome  determinate  figure,  yet  the  world  it- 
felf, if  it  be,  according  to  the  Carteftans , indefinite,  has  none. 

Ariftotle , and  the  philofophers  fince  his  time,  have  generally  admitted 
the  divifion,  eftablifh’d  by  him,  of  all  Beings  into  fubftance  and  accident ; 
and  accommodated  their  rules  to  one  of  them,  or  to  both.  But  GaJJendus 
and  his  followers  have  introduced  a third  fort  of  Beings,  as  not  being 
either  fubftances  or  accidents.  Of  this  kind  of  things,  they  make  place 
or  fpace  to  be  ; for  they  will  not  allow  it  to  be  a fubftance,  becaufe  it  is 
neither  body  nor  fpirit,  but  only  fomewhat  that  has  a capacity  to  receive 
or  contain  bodies,  and  would  fubfift,  tho’  God  fhould  annihilate  all  the 
fubftances  he  has  created.  And  for  the  fame  reafon  it  is  not  to  be  call’d 
an  accident,  fince  that  neceftarily  requires  a fubftance  to  refide  in  ; where- 
as, in  cafe  of  the  annihilation  of  the  world  itfelf,  and  confequently  all  the 
fubftances  that  compofe  it,  their  place  or  fpace  would  ftill  remain,  and  be 
capable  of  admitting  a new  world  of  the  fame  extent,  if  God  fnould  be 
pleafed  to  create  it:  whence  GaJJendus  wittily  infers,  that  bodies  are  ra- 
ther accidental  in  refped:  of  fpace,  than  fpace  in  refpecft  of  bodies.  But 
he  who  fhall  with  an  heedful  and  unprejudiced  eye  furvey  the  feveral 
hypothefes,  orfyftems,  maintain’d  by  the  different  fedts  of  philofophers, 
may  find,  that  tho’  the  inftances  will  not  be  all  of  them  the  fame,  yet  there 
are  none  of  thefe  fyftems,  wherein  there  may  not  be  obferv’d  fomething 
or  other  whereto  every  one  of  the  rules,  which  reach  to  the  other  fub- 
jedls  treated  of  in  that  philofophy,  cannot  fafelybe  applied.  And,  indeed, 
the  mind  of  man  being  naturally  far  more  defirous  to  know  much,  than  to 
take  the  pains  requifite  to  examine  whether  it  does  fo  or  not,  is  very  apt  to 
think  that  any  fmall  number  of  things  it  has  not  diftindHy  confider’d, 
muft  be  of  the  fame  nature  and  condition  with  the  reft,  that  it  judges  of 
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the  fame  kind.  For  by  thus  eafily  attaining  to  the  knowledge  of  things, 
the  mind  gratifies,  at  once,  both  its  vanity,  and  its  lazinefs  ; looking  up- 
on thefe  conclufions,  as  marks  of  the  excellency  of  its  rational  faculty  *, 
whilft  they  rather  proceed  from  a want  of  the  due  exercife  of  it. 

But,  fince  there  is  no  progrefs  ad  infinitum  in  the  Criteria  of  truth  ; and 
fince  our  faculties  are  the  bell  inftruments  that  God  has  given  us,  to  dis- 
cover, and  to  examine  it  by  ; I think,  a clear  light,  or  evidence  of  per- 
ception, fhining  in  the  underftanding,  affords  us  the  greateft  affurance  we 
can  have,  in  a natural  way,  of  the  truth  of  the  judgments  we  pafs  upon 
things.  And,  it  is  not  by  induction,  but  by  evidence,  that  we  know  no- 
thing but  truth  follows  from  truth.  By  which  it  appears,  that  the  innate 
light  of  the  rational  faculty,  is  more  primary  than  the  very  rules  of  rea- 
foning  *,  fince,  by  that  light,  we  judge  even  of  this  axiom,  which  is  itfelf 
the  grand  principle  of  reafoning  by  inference.  And,  as  the  underftand* 
ing  is  ufually  look’d  upon  to  be  the  eye  of  the  mind,  there  is  this  analogy 
between  them,  that  there  are  fome  things  which  the  eye  may  difcern 
mechanically,  or  by  the  help  of  inftruments  •,  as  when  it  judges  a line  to 
be  ftrait,  by  the  application  of  a ruler  to  it,  or  to  be  perpendicular,  by 
the  help  of  a plumb-line  *,  or  a circle  to  be  perfect,  by  the  help  of  a pair 
of  compafies:  but  there  are  other  things  which  the  eye  perceives  and 
judges  of  immediately,  by  intuition,  and  without  the  help  of  organs,  or 
inftruments ; as  when,  by  the  bare  evidence  of  the  perception,  it  knows, 
that  this  colour  is  red,  and  that  blue  j that  fnow  is  white,  not  blacky  and 
a coal,  black,  not  white.  For,  thus  there  are  fome  things,  which  the  intel- 
lect ufually  judges  of  in  a kind  of  organical  way  i that  is,  by  the  help  of 
certain  rules,  or  hypothefes,  fuch  as  are  a great  part  of  the  theorems,  and 
conclufions  in  philofophy,  and  divinity  ; but  there  are  others,  which  it 
knows  without  the  help  of  thefe  rules,  more  immediately,  and,  as  it  were, 
intuitively,  by  evidence,  orperception  *,  as  that  “ two  contradictory  pro- 
pofitions  cannot  both  be  true  that  “ from  truth,  nothing  but  truth  can 
juftly  be  deduced,”  iSc.  ’Tis  alfo,  upon  this  evidence  of  perception,  that 
we  receive,  with  an  undoubted  aftent,  many  primitive  ideas  and  notions  *, 
fuch  as  thofe  of  extended  fubftance,  or  body  *,  divifibility,  or  local  moti- 
on, a ftrait  line,  a circle,  &c. 

And,  it  feems  to  me,  that  the  internal  light,  which  the  author  of  na- 
ture has  fet  up  in  the  mind  of  man,  qualifies  him,  if  he  makes  a right  ule 
of  it,  not  only  to  apply  the  inftruments  of  knowledge,  but  alfo  to  frame, 
and  to  examine  them.  For,  by  the  help  of  this  light,  the  underftanding 
is  enabled  to  look  about,  and  both  to  confider  a-part,  and  compare  toge- 
ther, the  natures  ofallkindof  things*,  without  being  neceflitated  to  employ, 
in  its  fpeculations,  the  rules,  or  dictates  of  any  particular  fcience,  ordifci- 
pline*,  being  fufficiently  afiifted  by  its  own  light, and  thofe  axioms  and  notions 
that  are  of  a general  nature,  and  perpetual  truths ; and  fo,  of  a higher  or- 
der than  the  dictates  or  rules  of  any  particular,  or  fubordinate  fcience, 
or  art.  And,  by  thefe  means,  the  underftanding  may  perceive  the  imper- 
fection and  falfity  of  fuch  rules,  or  theorems,  as  thofe  men  who  look  no 
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higher,  nor  further  than  their  own  particular  fcience  or  art  embrace  for  Physics. 
certain  and  unqueftionable.  Thus,  philofophers  obferving  that  they  t/YV^ 
could  frame  a clear  notion  of  a thing,  without  confidering  whether  it  were 
aCtually  in  being  or  not,  or  even  when  they  fuppofed  that  ’twas  not  aCtu- 
ally  in  being ; as  we  can  frame  a clear  conception  of  a rofe  in  winter, 
when  there  are  none  to  be  found  growing  ; and  have  a notion  of  a myria- 
gon,  tho’  very  likely  there  is  no  fuch  figure  really  exifling  in  the  world  •, 
men  have  generally  concluded,  that  the  effence  of  things  is  different,  and 
fe parable  from  their  exiftence : yet  when  we  confider  that  God  is  a Being 
infinitely  perfect,  and  that  actual  exiftence,  being  a perfection,  muft  be- 
long to  him  ; we  may,  by  the  fame  light  of  reafon  that  dictated  effence 
and  exiftence  to  be  two  feparable  things  in  all  other  Beings,  difeern,  that 
they  muft  be  infeparable  in  God,  and  confequently  that  the  foremention’d 
rule,  tho’  more  general  than  almoft  any  other,  is  not  abfolutely  univerfal, 
but  muft  be  limited  by  the  light  of  reafon.  And  thus,  alfo,  philofophers 
confidering  that  not  only  all  forts  of  bodies,  but  the  immaterial  fouls  of 
men,  are  endow’d  with  qualities,  which  are  accidents,  have  included  it  in 
the  very  notion  of  a fubftance,  to  be  the  fubjeCt  of  accidents.  But  the 
free  in telleCt*  finding  in  itfelf  a notion  of  an  abfolutely  perfeCt,  and,  there- 
fore, exiftent  Being  *,  and  confidering  that  to  be  the  fubjeCt  of  accidents,  is 
not  a thing  agreeable  to  the  higheft  perfection  poffible,  it  concludes,  that 
in  God  there  are  no  accidents.  And  this  conclufion  has  been  embraced  as 
apart,  not  only  of  chriftian,  but  of  natural  theology,  and  maintain’d  by 
feveral  philofophers  themfelves,  upon  metaphyfical  and  other  merely  ra- 
tional grounds.  In  fhort,  the  native  light  of  the  mind  may  enable  a man* 
who  will  make  a free  and  induflrious  ufe  of  it,  both  to  pafs  a right  judg- 
ment of  the  extent  of  thofe  very  dictates  that  are  commonly  taken  for  rules 
of  reafon,  and  to  frame  others  on  purpofe  for  privileg’d  things. 

Stbty*  Where  privileg’d  things  are  concern’d,  we  are  not  bound  to  re-  A fifth  rule. 
jeCt  as  falfe  whatever  we  know  not  how  to  reconcile  with  fomething  that  is 
true. 

I think  it  will  not  be  doubted  that  there  are,  or  may  be  conceiv’d, 
flrait  lines,  whereof  one  is  a hundred,  or  a thoufand  times  longer  than 
another  ; ’tis  alfo  generally  granted,  that  a longer  line  confifts  of,  or  may 
afford  more  parts,  than  a fhorter : and,  laftly,  ’tis  generally  acknowledg’d, - 
that  no  number  can  be  greater  than  infinite.  Now  I fhould  gladly  fee 
thefe  propofitions  reconciled  to  the  demonflrations  of  geometricians,  about 
the  endlefs  divifibility  of  all  ffrait  lines ; whence  they  deduce,  that  tho’ 
they  be  very  unequal  among  themfelves,  yet  the  fhorteit  of  them  contains, 
or  may  afford,  infinite  parts.  I am  far  from  affirming  that  one  truth  can 
really  contradict  another;  yet  I think  that  which  is  but.gradual,  or  li- 
mited truth,  may,  in  fome  few  cafes,  be  irreconciieable  by  us  to  an  ab- 
folute  and  univerfal  truth.  We  may  diftinguilli  thofe  propofitions  we  call 
true,  into  axioms  metaphyfical,  or  univerfal,  that  hold  in  all  cafes,  with- 
out referve;  and  axioms  collected,  or  emergent;  by  which  I mean  fuch 
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Physics,  as  refult  from  comparing  together  many  particulars  that  agree  in  fomething 
common  to  them  all.  And  fome  of  thefe,  tho’  they  be  fo  general,  that, 
in  the  ufual  fubjeCts  of  our  reafoning,  they  admit  of  no  exceptions,  yet 
may  not  be  abfolutely,  and  without  limitation,  true.  Of  this  we  have  an 
inftance  even  in  that  axiom  which  almoft  all  natural  philofophers  have  fup- 
pofed,  and  built  on,  that  fomething  cannot  be  made  out  of  nothing  ; 
which  tho’  at  lead:  one  of  the  higheft  or  gradual  truths,  may  yet  not  be  u- 
niverfally  true,  fince  for  ought  we  know,  God,  who  is  acknowledg’d  a 
Being  infinitely  perfeCt,  may  poffefs,  and  have  exercis’d  the  power  of  cre- 
ating. And,  in  fuch  cafes  as  this,  not  to  be  able  to  reconcile  a truth  con- 
cerning a privileg’d  thing,  with  a propofition  that  generally  pafles  for  true, 
will  not  prefently  oblige  us  to  rejeCt  either  propofition,  as  falfe  ; but, 
fometimes,  without  deftroying  either,  only  to  give  one  of  them  a due  li- 
mitation, and  reftrain  it  to  thofe  forts  of  things  on  which  ’twas  at  firft 
grounded,  and  to  which ’twas,  becaufe  of  man’s  ignorance,  or  inconfide- 
ratenefs,  not  at  firft  confined.  And  if  the  miracles  vouch’d  for  any  reli- 
gion, be  any  of  them  granted  true,  it  cannot  well  be  denied  that  phyfical 
propofitions  are  but  limited,  and  fuch  as  I call  collected  truths ; being 
gather’d  from  the  fettled  phenomena  of  nature,  and  liable  to  this  limita- 
tion or  exception,  that  they  hold,  only  where  the  irrefiftible  power  of  God, 
or  fome  other  fupernatural  agent,  is  not  interpos’d,  to  alter  the  courfe  of 
nature. 

Now  the  reafon  why  we  judge  things  are  repugnant,  being,  that  the 
notions  or  ideas  we  have  of  them  feem  to  us  inconfiftent  *,  if  either  of 
thefe  notions  be  wrong  framed,  or  be  judg’d  of  by  an  unfit  rule,  we 
may  think  thofe  propofitions  to  be  contradictory  that  really  are  not.  Thus 
thofe  ufed  to  employ  their  imaginations  about  things,  which  are  the  proper 
objedt  of  the  intellect,  are  apt  to  pronounce  others  to  be  inconceivable, 
only  becaufe  they  find  them  unimaginable  ; as  if  the  fancy,  and  the  intel- 
lect, were  faculties  of  the  fame  extent.  Upon  which  account,  fome  have 
fo  grofty  erred,  as  to  deny  all  immaterial  fubftances,  and  chole  rather  fo 
far  to  degrade  the  Deity  itfclf,  as  to  impute  to  it  a corporeal  nature,  than 
to  allow  any  thing  to  have  a being,  that  is  not  comprehenfible  by  their 
imagination  ; which  themfelves  acknowledge  to  be  but  a corporeal  faculty. 
But  beiides  this  miftake  of  things  repugnant,  which  arifes  from  the  mifap- 
plication  or  mifmanagement  of  our  difeerning  faculties,  there  may  be  ano- 
ther that  proceeds  from  the  imperfection  and  limitation  of  our  underftand- 
ing  ; which  being  unable  to  judge  of  privileg’d  things,  as  it  does  of  other 
objeCls,  may  fometimes  be  unable  to  difeover  the  reconcileablenefs  which 
a more  illuminated  and  penetrating  faculty  may  difeern.  This  may 
be  illuftrated  by  what  ufually  happens  at  fea , where  there  is  a free 
profpeCt  ; when,  looking  towards  the  main,  the  sky  and  the  waters  feem 
to  meet  at  the  edge  of  the  fenfible  horizon  ; tho’,  indeed,  they  are  as 
far  diftant,  as  the  heavens  from  the  earth.  On  the  other  hand,  if  you  skil- 
fully mix  together  the  dry  and  fine  powder  of  orpiment,  and  that  of 
indigo,  you  will  produce  a green  colour,  as  is  known  to  painters  ; where- 
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in  the  eye  takes  notice  but  of  an  uniform  mixture,  in  which  it  diftinguifhes  Ph 
neither  blue  nor  yellow;  but  if  you  look  on  this  mixture  thro’  a microf-  V-/ 
cope,  the  former  colour  difappears,  and  you  will  plainly  fee,  inftead  of  it, 
blue  and  yellow  grains  of  the  powder,  diftindt  from  one  another.  Thefe 
inftances  may  ferve  to  fhew  the  weaknefs  of  our  vifive  faculty,  and  the  lat- 
ter of  them  teaches,  that  a thing  may  appear  one  and  different,  as  ’tis  look’d 
upon  by  a more  or  lefs  difcerning  eye.  But  an  inftance  more  to  our  pre- 
fent  purpofe  is  afforded  by  yellow  diamonds,  which,  becaufe  of  their  co- 
lour, the  generality  of  goldfmiths  take  to  be  counterfeit  gems  *,  tho*  very 
skilful  lapidaries  will,  by  fure  figns,  difcover  and  acknowledge  them  to  be 
true  diamonds.  Whence  we  learn,  that  a more  skilful  judge  may  difcern 
an  agreement  in  things  chat  almoft  all  other  men  think  they  fee  manifeftly 
to  be  of  different  natures. 

I have  alfo  feveral  times  obferved,  that  men  judge  two  things  to  be  ir- 
reconcilable, not  only  when  they  re  both  of  them  reprefented  to  the  un- 
derftanding  in  the  form  of  pro  editions,  but  when  one  of  them  is  only  a 
notion,  or  a current  definition.  For  feveral  of  thefe  notions  contain  in 
them  a propofition,  or  are  equivalent  to  it : as,  when  a circle  is  defined  to 
be  a figure  contain’d  by  a line,  all  whofe  parts  are  equally  diftant  from  a 
point  in  the  middle  •,  this  definition  contains  an  affirmation  of  the  effential 
property  of  a circle,  which  by  the  generality  of  geometricians  is  therefore 
diftinguifh’d  from  that  conic  fedtion  they  call  an  ellipiis,  tho’  that  be  alfo 
a figure  terminated  by  one  curve  line. 

But  if  a man  has  not  genuine  and  adequate  notions  of  the  things  he  judges 
of,  he  may  confidently,  and  even  upon  very  probable  grounds,  take  things 
to  be  inconfiftent,  that  in  reality  are  not  fo.  If  an  ordinary  mathemati- 
cian fhould  hear  one  man  fay  that  fuch  a figure  is  an  ellipiis,  and  another 
affirm  it  to  be  a circle,  he  would  think  their  affertions  to  be  inconfiftent, 
having  his  mind  prepoffeffed  with  an  ellipfis  being  a conic  fedHon,  whofe 
properties  muft  therefore,  he  fuppofes,  be  very  different  from  thofe  of  a 
circle  ; whereas  fuch  wary  geometricians  as  the  learned  Dr  .Wallis,  will  tell 
him,  that  the  vulgar  notions  of  conic  fedtions  are  not  adequate  to  the  fi- 
gures producible  by  them.  ’Tis  true,  when  a right  cone  is  cut  quite  thro3 
by  an  inclining  plane,  the  figure  produced  by  the  fedtion  agrees  well  with 
the  receiv’d  notion  of  an  ellipiis,  in  which  the  diameters  are  of  an  unequal 
length  *,  yet  if  the  plane  cut  the  cone  parallel  to  the  bafts,  that  conic  fe- 
dtion will  be  a true  circle,  having  all  its  diameters  equal. 

’Tis  indeed  an  uncommon  and  unheeded  account,  but  fuch  an  one 
upon  which  I have  obferv’d  not  only  logicians,  but  philofophers  them- 
felves,  to  err  about  judging  things  reconcileable,  or  inconfiftent ; that  if 
a man  be  not  fufficiently  acquainted  with  the  nature  of  either  of  the  two 
things  under  conftderation,  he  may  think  there  is  a contradidtion  between 
them,  when  there  is  none  to  a fuperior  underftanding.  For  taking  it 
for  granted  that  he  knows  one  thing  for  a truth,  if  fome  other  thing  be 
affirm’d  to  be  fo,  which  he  has  not  skill  enough  to  fee  how  to  reconcile  to 
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Ph  ysi  es.  the  other  *,  no  wonder,  how  well  foever  this  may  be  evinced,  that  he  Ihould 
as  little  know  how  to  admit,  as  how  to  rejed  it.  Thus,  a novice  in  arith- 
metic, for  example,  finding  that,  according  to  his  rules,  there  is  notone 
mean  proportional  number  between  4,  and  32,  will  fcarce  be  able  to  re- 
concile that  propofition  to  this  other,  that  there  are  two  mean  propor- 
tionals between  the  fame  numbers  ; for  he  may,  with  a great  appearance  of 
reafon,  ask  how,  if  there  be  not  fo  much  as  one  mean  proportional,  there 
can  be  two  ? whereas,  thofe  who  are  acquainted  with  the  nature  of  ranks, 
orferies  of  numbers,  proceeding  in  geometrical  proportion,  will  eafily  dif- 
cern,  that  between  thofe  two,  both  the  number  8,  and  the  number  16, 
are  proportionals.  Thus,  if  an  old  fchool-philofopher,  or  a mathemati- 
cian, not  acquainted  with  the  later  difcoveries  made  by  telefcopes,  fhould 
hear  one  man  fay,  that  the  moon  is  the  moft  enlighten’d  when  fhe  appears 
full  to  us ; and  another  affirm,  that  fhe  is  more  enlighten’d  at  the  new 
moon  than  at  the  full : he  would  readily  conclude,  upon  the  fuppofition 
that  the  moon  receives  all  her  light  immediately  from  the  fun,  that  the 
latter  affirmation  cannot  be  true  ; which,  yet,  he  would  not  conclude,  if  he 
knew  that  the  moon  is  as  well  enlighten’d  by  the  earth,  as  the  earth  by  the 
moon:  upon  which  account,  as  at  the  full  fhe  receives  but  thofe  rays 
that  come  to  her  diredtly  from  the  fun  ; at  the  change,  ffie  receives  both 
them  in  that  part  of  her  body  turn’d  to  him,  and  thofe  other  beams  of  his, 
which  are  reflected  from  the  terreftrial  globe  to  that  part  of  the  moon  that 
is  neareft  to  us.  And  thus,  alfo,  before  the  time  of  Pythagoras , not  only 
the  vulgar  of  the  Greeks , but  their  philofophers,  and  mathematicians  too, 
often  obferving,  that  a bright  ftar  preceded  the  rifing  fun  ; and  that,  fre- 
quently, likewife  on  other  days,  after  fun-fet,  another  ftar  appear’d,  which 
was  none  of  the  fixed  ones ; they,  confidently,  concluded,  from  the  diftant 
times  of  apparition,  that  the  fun  was  attended  by  two  different  ftars  ; to 
which,  accordingly,  they  gave  two  different  names : but  Pythagoras^  (who 
was  a far  better  aftronomer,  as  appears  among  other  things,  by  his  main- 
taining, in  thofe  early  times,  the  motion  of  the  earth  about  the  fun  ) un- 
dertook todifabufe  them,  and  effedted  it.  Now,  if  one  who  had  obferv’d 
Venus , only  in  the  morning,  ffiould  have  affirm’d,  that,  befides  the  fix 
known  planets,  there  was  a feventh,  Phofphorus , which  preceded  the  rifing- 
fun  ; and  another,  who  had  taken  notice  of  her  only  in  the  evenings, 
fhould  affert,  that,  befides  the  fame  fix  known  ones,  the  only  feventh  was 
Hefperus,'  which,  fometimes,  appear’d  after  his  fetting  •,  a by-ftander  would 
prefently  have  concluded,  that  their  affertions  were  not  reconcileable,  ei- 
ther to  one  another,  or  to  the  truth  ; which,  in  his  judgment,  was,  that 
there  muff  be  no  lefs  than  eight  vifible  planets.  Yet  Pythagoras ,,  who  had 
more  skill,  difeern’d,  and  taught,  that  thefe  two  phenomena  were  pro- 
duced by  one  and  the  fame  planet,  Venus , determin’d,  by  its  peculiar  mo- 
tion about  the  fun,  to  ffiew  itfelf  near  our  horizon,  fometimes  before  he 
afeends  it,  and  fometimes  after  he  had  left  it.  Such  inflances  as  thefe, 
tho’  offer’d  but  as  illuftrations,  may  diffuade  us  from  being  too  forward 
to  rejeft  every  propofition  that  we  fee  not  how  to  reconcile  to  what  we 
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take  for  a truth  ; provided  the  diftrufted  propofition  be  fuch  as  we  would  Physics. 
acquiefce  in,  if  we  could  reconcile  it  to  the  fuppofed  truth. 

Upon  the  whole  it  appears,  that  when  two  propofitions  are  laid  down, 
one  whereof  is  made  evident  to  us  by  experience,  or  by  reafon,  aCting  with- 
in its  own  jurifdiCtion  or  compafs,  and  the  other  fufficiently  prov’d,  by 
being  mathematically  demonftrated,  or  duly  attefted  by  divine  revelation ; 
we  ought  not  to  reject  either  of  thefe  propofitions  as  no  truth,  merely  be- 
caufe  we  do  not  yet  know  how  to  reconcile  them  ; but  we  ffiould  rather 
think  that  the  collected  propofition  is  only  a gradual  or  limited  truth  ; or 
elfe  confider,  that  we  knowing  but  fo  imperfectly  as  we  do,  the  particular 
natures  of  privileged  fubjeCts,  there  may  poffibly  be  a fuperior  intellect, 
able  to  difcernan  agreement  between  what  is  deliver’d  about  that  fubjeCt, 
and  the  affirmation  which  feems  repugnant  to  it •,  tho’  we  are  not  quick- 
fighted  enough  to  perceive  this  agreement. 

Nor  will  this  doCtrine,  if  duly  limited  to  the  fubjeCts  wherein  alone  I 
would  have  it  admitted,  expofe  us  to  have  falfities  impofed  on  us  at  the 
pleafure  of  bold  and  dictating  men.  For  if  neither  of  the  things  be  privi- 
leged, but  both  in  the  jurifdiCtion  of  ordinary  reafon  ; I require,  that  the 
propofitions  framed  about  them  be  eftimated  according  to  the  common  di- 
ctates of  reafon.  And  even  in  cafes  where  one  of  the  propofitions  is  about 
a privileged  thing,  I do  not  at  all  think  fit  that  it  ffiould  be  receiv’d,  in 
fpite  of  its  being  repugnant  to  the  gradual  truth  deliver’d  in  the  other; 
unlefs  it  can,  by  fome  other  argument,  fufficient  in  its  kind,  be  prov’d  to 
be  true.  Thus,  tho’  men  know  not  how  to  reconcile  the  liberty  of  their 
own  will  with  the  infallible  knowledge  that  God  has  of  thofe  a&ions  that 
flow  from  it  *,  yet  they  have  unanimoufly  judg’d  it  reafonable  to  believe 
both  free-will,  and  prefcience ; the  former,  becaufe  they  felt  it  in  them- 
felves  ; and  the  latter,  becaufe  the  fore-knowledge  of  things,  being  ma- 
nifeftly  a perfection,  ought  not  to  be  deny’d  to  God,  whom  they  look’d 
upon  as  a Being  fupremely  perfeCt *,  and  becaufe  fome  aCtions  and  events 
that  they  all  judg’d  to  flow  from  mens  free  will,  were,  as  the  generality 
believ’d,  foretold  by  prophetic  oracles.  But  fince  we  have  fcarce  any 
way  of  difcovering  a falfity,  but  by  its  being  repugnant  to  fomewhat  that 
is  true  ; to  deny,  that,  in  cafes  within  the  jurifdiCtion  of  ordinary  reafon, 
the  repugnancy  of  a propofition  to  any  manifeft  truth  ought  to  fway  our 
judgments,  were  to  deprive  us  of  the  moft  ufeful  criterion  to  diftinguilh 
betwe*en  truth  and  falffiood. 

Laftly,  in  privileged  things  v/e  ought  not  always  to  condemn  that  opi-  <rhefixthand 
nion  which  is  liable  to  ill  confequences,  and  encumber’d  with  great  incon-  lajl  rule  for 
veniences,  provided  the  pofitive  proofs  of  it  be  fufficient  in  their  kind.  jufein&  °f 

That  this  rule  may  be  the  more  eafily  admitted,  I ffiall  feparately  fu Bmrea/faf  °V* 
geft  three  things,  which  I defire  may  be  afterwards  confider’d  all  toge- 
ther. 

Firft,  clear  pofitive  proofs,  proportionate  to  the  nature  of  things,  are 
genuine,  and  proper  motives  to  induce  the  underftanding  to  aflent  to  a 
Vol.  II.  Gg  pro- 
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Physics,  propofition  as  true;  fo  that  ’tis  not  always  necefifary  to  the  evidence  and 
firmnefs  of  an  afifent,  that  the  underftanding  takes  notice  of  the  confe- 
quences  that  may  be  drawn  from  it,  or  the  difficulties  wherewith  it  may  be 
encumber’d.  T his  is  plain  in  thofe  afients,  which,  of  all  others,  merely 
natural  at  leaft,  are,  by  knowing  men,  thought  to  be  the  mod  undoubted, 
and  the  beft  grounded  *,  I mean  the  afients  that  are  given  to  the  truth  of 
geometrical  demonftrations : yet  Euclid , for  inflance,  in  all  his  elements 
of  geometry,  in  fome  of  which  furprizing  paradoxes  are  deliver’d,  con- 
tents himfelf  to  demonftrate  his  afiTertions  in  a mathematical  way,  and  does 
not  anfwer,  or  take  notice  of  any  one  objection.  And  the  geometricians 
of  our  days  think  they  may  fafely  receive  his  propofitions  upon  the  ftrength 
of  demonftrations  annexed  to  them,  without  knowing,  or  troubling  them- 
felves  with  the  fubtilcies  employ’d  by  the  fceptic  Sextus  Empiricus , or  others 
of  that  feCt,  in  their  writings  againft  the  mathematicians,  and  all  afiertors 
of  allured  knowledge. 

The  fecond  thing  I would  offer  is,  that  we  have  fhewn  there  are  fome 
things  which  our  imperfect  underftandings  either  cannot  or  at  leaft  do  not 
perfectly  comprehend  *,  and  that  neverthelefs  men  have  not  refrain’d  from 
prefuming  to  dogmatize,  and  frame  notions  and  rules  about  fuch  things, 
as  if  they  underftood  them  very  well.  Whence  it  muft  needs  come  to  pafs 
that  if  they  were  miftaken,  as  in  things  fo  abftrufe  ’tis  very  likely  they  of- 
ten were  ; thofe  who  judge  by  the  rules  they  laid  down,  muft  conceive  the 
propofitions  oppofite  to  their  miftakes  to  be  liable  to  very  great,  if  not  in- 
superable difficulties  and  objections. 

Thirdly,  as  we  need  not  wonder  that  privileg’d  things,  which  are  ufu- 
ally  fo  fublime  as  to  have  been  out  of  the  view  of  thofe  who  framed  the 
rules  whereby  we  judge  of  other  things,  fhould  be  thought  liable  to  great 
objections  by  them  who  judge  of  all  things  only  by  thofe  rules  *,  fo  we 
fhould  not  require  or  expeCt  more  evidence  of  a truth  relating  to  fuch 
things,  than  that  there  are  for  it  fuch  fufficient  pofitive  reafons,  as  notwith- 
Itanding  objections  and  inconveniencies,  make  it,  upon  the  whole,  worthy 
to  be  embraced. 

Euclid , indeed,  befides  that  more  fatisfaCtory  way  of  direCt  probation, 
which  perhaps  he  might  have  oftener  employ’d  than  he  did,  has  fometimes, 
where  he  thought  it  needful,  had  recourfe  to  a way  of  arguing  to  an  ab- 
furdity.  But  in  thefe  cafes  he  never  goes  out  of  the  difcipline  he  treats 
of ; and  confining  himfelf  to  arguments  drawn  from  quantity,  he  urges 
nothing  as  abfurd,  but  what  is  undeniably  repugnant  to  fome  truth  he 
had  already  demonftrated,  or  to  thofe  clear  and  undifputed  definitions, 
axioms,  or  poftulata , which  he  fuppofes  to  have  been  already  granted  by 
thofe  he  would  convince.  But  tho*  he  thus  argues,  to  prove  that  his 
readers  cannot  contradict  him  without  contradicting  themfelves ; yet  we 
find  not  that  he  was  at  all  folicitous  to  clear  thofe  difficulties,  that  a man 
fo  quick-fighted  could  not  but  know  fome  of  his  theorems  were  attended 
with ; but  he  is  contented  to  demonftrate  the  incommenfurability  of  the 

fide 
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fide  and  diagonal  of  a fquare,  without  troubling  hfmfelf  to  take  notice  ofPHYsics. 
the  Teeming  abfurdities  that  attend  the  endkfsdivifibility  of  a line,  which  iyW 
would  follow  from  what  he  demonftrated. 

’Tis  true,  about  fome  privileg’d  things  there  are,  and  about  fome  others 
there  may  be,  contradictory  opinions  maintain’d.  Nowasboth  of  thefe 
cannot  be  true,  one  of  them  muft  be  fo  ; as  tho’  it  be  hotly  difputed  whe- 
ther quantity  be  endlefly  divifible,  yet  certainly  it  either  muft,  or  mud  not 
be  divifible  without  end  *,  and,  as  was  formerly  obferv’d,  which  fide  foever 
you  take,  the  inconveniencies  will  be  exceeding  great,  and  perhaps  there 
will  lie  objections  againft  it  fcarce  to  be  direCtly  anfwer’d.  And  fince  one 
of  the  two  oppofite  opinions  muft  be  true,  it  will  not  always  be  neceflary 
that  an  opinion  muft  be  falfe,  which  is  encumber’d  with  great  difficulties, 
or  liable  to  puzzling  objections.  And  therefore  if  the  pofitive  proofs  on 
one  fide  be  clear  and  cogent,  tho’  there  be  perplexing  difficulties  objected 
by  the  other,  the  truth  ought  not,  for  their  fake,  to  be  rejected  * becaufe 
fuch  difficulties  proceeding  ufually  either  from  notions  that  men  prefume 
to  frame  about  things  above  their  reach,  or  from  rules  that  were  not  made 
for  fuch  points  as  are  in  difpute ; the  objections  are  not  to  be  judg’d  fo  well 
founded,  as  is  that  acknowledg’d  principle  in  reafoning,  “ from  truth  no- 
“ thing  but  truth  can  be  juftly  inferr’d.” 

I confefs  I have  always  thought  it  reafonable  in  fuch  cafes  to  compare  as 
well  the  pofitive  proofs  of  one  opinion  with  thofe  of  the  other,  as  the  ob- 
jections that  are  urgrd  on  either  fides  and  thence  make  my  eftimate,  upon 
the  whole,  tho’  with  a peculiar  regard  to  that  opinion  which  has  a great 
advantage  in  point  of  pofitive  arguments  ; becaufe  thofe  are,  unqueftion- 
ably,  the  proper  inducements  to  affent.  And  then  the  objections  may  well 
enough  be  fufpeCted  to  proceed  from  the  abftrufe  nature  of  privileged 
things,  and  the  great  narrownefs  of  the  rules  whereby  men  ufually  judge 
of  things.  For  we  may  have  a fufficiently  clear  proof  that  a thing  is, 
whilft  we  have  no  fatisfaCtory  conception  of  its  manner  of  exifting,  or  o- 
perating  ; our  inferr’d  knowledge  being  clearer,  and  extending  farther, 
than  our  intuitive,  or  apprehenfive  knowledge. 

But  even  about  things  that  we  cannot  fufficiently  underftand,  we  may 
in  fome  cafes  exercife  our  reafon,  in  anfwering  objections  that  are  thought 
unanfwerable,  becaufe  not  direCtly  fo.  For  we  may  fometimes  ffiew,  by 
framing  in  another  cafe  a like  argument,  \yhich  the  adverfary  muft  confefs 
does  not  conclude  well ; that  neither  does  the  argument,  containing  his  ob- 
jection, conclude  right. 

However,  we  muft  not  expeCt  to  be  able,  as  to  privileged  things,  and  the 
propofitions  that  may  be  framed  about  them,  to  refolve  all  difficul- 
ties, and  anfwer  all  objections  ; fince  we  can  never  direCtly  anfwer  thofe 
which  require  for  their  folution  a perfeCt  comprehenfion  of  what  is  in- 
finite. As  a man  cannot  well  anfwer  the  objections  that  may  be  made 
againft  the  Antipodes,  the  doCtrine  of  eclipfes,  that  of  the  different  phafes 
of  the  moon,  and  of  the  long  days  and  nights  of  fome  months  near  the 
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Physics,  poles,  the  theory  of  the  planets,  &c.  unlefs  he  underftand  the  nature  of 
<>/W  the  fphere,  and  fome  other  principles  of  cofmography  and  aftronomy. 

So  that  where  privileged  things  are  concern’d,  clear  and  pofitive  argu- 
ments ought  to  be  of  great  weight,  in  favour  of  the  opinion  they  conclude 
for  •,  even  when,  on  the  contrary  fide,  we  may  difcourfe  ourfelves  into  fucb 
difficulties  as  perplex,  and,  perchance,  puzzle  our  limited  underftandings. 
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Philofophical  Difficulties 

Relating  to  the 

RESURRECTION, 

CONSIDER’D. 


T.H  E queftion,  I here  defign  to  confider,  is.  Whether  to  believe  Preliminary 
the  refurre&ion  of  the  dead,  which  the  chriftian  religion  teaches,  obfervationt. 
be  to  believe  an  impofiibility  ? 

I do  not  pretend,  that  the  refurre&ion  is  a thing  knowable, 
or  dire&ly  provable,  by  the  mere  light  of  nature  ; nor  that  it  may  pofiibly 
be  effected  by  mere  phyfical  agents : fo  that,  treating  of  the  pofiibility  of 
the  general  refurredtion,  I here  take  it  for  granted,  that  God  has  been 
pleafed  to  promife  and  declare,  that  there  fhall  be  one  *,  and  that  it  fhall 
be  effected,  not  according  to  the  ordinary  courfe  of  nature,  but  by  his 
own  immediate  power,  -d  bru- 

it muft  alfo  be  obferved,  that  the  refurredlion  taught  by  the  chriftian 
religion,  is  not  here  meant,  in  fuch  a latitude,  as  to  comprize  all  that  any 
particular  church,  orfedbof  chriftians,  much  lefs  what  any  private  wri- 
ter hath  taught  about  it ; but  only  what  is  plainly  deliver’d  as  to  this  point* 
in  the  feripture. 

I muft  further  premife,  that  ’tis  no  eafy  matter  to  determine  what  is  identity ; the 
abfolutely  neceffary,  and  but  fufficient  to  make  a portion  of  matter,  con-  difficulties  of 
fider’d  at  different  times,  or  places,  fit  to  be  reputed  the  fame  body.  That  conceiving  it. 
the  generality  of  men,  in  vulgar  difeourfe,  allow  themfelves  a great  lati- 
tude, in  this  cafe,  will  be  eafily  granted,  by  him  who  obferves  the  re- 
ceiv’d forms  of  fpeaking.  Thus  Rome  is  faid  to  be  the  fame  city,  tho’  it 
hath  been  often  taken,  and  ruin’d  by  the  Barbarians , and  others.  Thus, 
an  univerfity  is  faid  to  be  the  fame,  tho’  fome  colleges  fall  to  ruin,  and 
new  ones  are  built  * and,  tho’  once  in  an  age,  all  the  perfons  who  compos’d 
it,  are  fucceeded  by  others.  Thus,  the  Thames  is  faid  to  be  the  fame  ri- 
ver, that  it  was  in  the  time  of  our  fore-fathers  \ tho’  indeed,  the  water, 

that 
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that  now  runs  under  London- bridge,  is  not  the  fame  that  ran  there  an  hour 
ago,  and  is  quite  other  than  that  which  will  run  there  an  hour  hence.  And, 
fo  the  flame  of  a candle,  is  faid  to  be  the  fame,  for  many  hours  together, 
tho’  it,  indeed,  be  every  minute  a new  body  *,  and  tho’  the  kindled  parti- 
cles that  compofe  it,  at  any  time  afflgn’d,  are  continually  putting  off  the 
form  of  flame,  and  are  repair’d  by  k fuccefiion  of  the  like. 

Nor  is  it  by  the  vulgar  only,  that  the  notion  of  identity  has  been  hard 
to  be  obtain’d  ; for,  it  feems,  that  even  the  ancient  phiiofophers  have  been 
puzzled  about  it  i witnefs  their  difputes,  whether  the  Ihip  of  ^Theftus  were 
the  fame,  after  it  had  been  fo  far  repair’d,  from  time  to  time,  to  preferve  it 
as  a monument,  that  fcarce  any  plank  remain’d  of  the  former  timber.  And, 
even,  in  metaphyfics,  I think  it  no  eafy  task,  to  eftablifh  a true  and  ade- 
qu  ate  notion  of  identity *,  and  clearly  to  determine,  what  is  the  true  principle 
of  individuation.  And,  this  is  not  furprizing  ; for,  almoft  every  man, 
who  thinks,  conceives  in  his  mind,  this,  or  that  quality,  relation  or  aggregate 
of  qualities,  to  be  that  which  is  effential  to  a certain  body,  and  proper  to 
give  it  a peculiar  denomination  ; whereby  it  comes  to  pafs,  that,  as  one  man 
chiefly  refpedtsthis  thing,  and  another  that,  in  a body  that  bears  fuch  a 
name  ; fo  one  may  eafily  look  upon  a body  as  the  fame,  becaufe  it  retains 
what  he  chiefly  confider’d  in  it  *,  whilft  another  thinks  it  to  be  chang’d, 
becaufe  it  has  loft  that  which  he  thought  was  the  denominating  quality,  or 
attribute.  Thus  phiiofophers,  and  phyflcians  difagree  about  water,  and 
ice*,  fome  taking  the  latter  to  be  but  the  former  difguiz’d*,  becaufe  they 
are  both  of  them  cold,  and  Ample  bodies*,  and  the  latter  eafily  reducible 
to  the  former,  by  being  freed  from  the  exceflive  adventitious  degree  of 
coldnefs  \ whilft  others,  looking  upon  fluidity,  as  effential  to  water,  think 
ice,  upon  account  of  its  folidity,  to.  be  a diftin<5l  fpecies  of  body.  And 
fo  the  Peripatetics , and  chymifts  often  difagree  about  the  afhes  and  Calces 
of  burnt  bodies  the  firft  referring  them  to  earth,  becaufe  of  their  perma- 
nency, and  fixednefs;  and  many  chymifts  taking  them  to  be  bodies  fui 
generis , becaufe  common  afhes  ufually  contain  a cauftic  fait  *,  whereas  earth 
ought  to  be  inflpid.  And,  the  like  maybe  faid  of  fome  wood-afhes,  and 
lime-ftone,  and  even  coral  ; which  when  well  calcin’d,  and  frefh,  have  a 
pungent  taft  : befides,  fome  of  them,  that  are  inflpid,  may  be  eafily  re- 
duced into  metals,  as  the  Calces  of  lead  and  copper. 

Thefe  difficulties,  about  the  notion  of  identity,  being  obferv’d,  will 
render  it  lefs  ft  range,  that,  among  the  ancient  Hebrews  and  Greeks , whofe 
languages  were  fo  remote,  in  feveral  refpe&s  from  ours,  the  familiar  ex- 
preffions,  employ’d  about  the  famenefs  of  a body,  fhould  not  be  fo  pre- 
cife,  as  thofe  who  maintain  the  refurre&ion,  in  the  mod  rigid  lenfe,  would 
have  them. 

In  the  next  place,  I obferve,  we  may,  agreeably  with  fcripture,  fup- 
pofe,  that  a comparatively  fmall  quantity  of  the  matter  of  a body, 
being  increas’d,  either  by  aflimilation,  or  other  convenient  appofltion  of 
parts,  may  bear  the  name  of  the  former  body  ; as  a large  crop  of  corn, 
arifing  from  a comparatively  fmall  quantity  of  feed  town. 

And, 
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And  here  it  may  be  proper  to  mention  an  experiment,  made  by  twoac-  Physics. 
quaintanee  of  mine,  men  of  great  veracity  and  judgment,  who  both  affu-  L/W 
red  me,  that  having  Town  in  a garden  fome  afhes  of  a plant  like  our  En- 
Itjh  red  poppy,  they,  fooner  than  was  expected,  produced  certain  plants, 
larger  and  fairer  than  any  of  that  kind  which  had  been  feen  in  thofe  parts. 

Now  this  feems  to  argue,  that  in  the  faline  and  earthy,  that  is,  the  fix’d 
particles  of  a vegetable,  that  has  been  difTipated,  and  deftroyed  by  the 
violence  of  the  fire,  there  might  remain  a plaftic  power,  enabling  them  to 
contrive  difpos’d  matter  fo,  as  to  re-produce  fuch  a body  as  was  formerly 
deftroy’d.  But  to  this  plaftic  power,  refiding  in  any  portion  of  the  de- 
ftroy’d body  itfelf,  it  will  not  perhaps  be  neceffary  to  have  recourfe  in  our 
prelent  undertaking,  fince  an  external  and  omnipotent  agent  can  without  it 
perform  all  that  I need  contend  for. 

To  come  then  to  a more  clofe  confideration  of  thofe  difficulties  which  72*  firflobje - 
are  faid  todemonftrate  the  impoffibility  of  the  refurredtion.  a'on  aSatnH 

’Tis  faid,  when  a man  is  once  really  dead,  many  parts  of  his  body  will, 
according  to  the  courfe  of  nature,  refolve  themfelves  into  multitudes  of 
fteams,  that  wander  in  the  air  ; and  the  remaining  parts,  which  are  either 
liquid,  or  foft,  undergo  fo  great  a corruption  and  change,  that  ’tis  not 
poffible  fo  many  fcatter’d  corpufcles  fhould  be  again  brought  together, 
and  re-united,  after  the  fame  manner  wherein  they  exifted  in  a human 
body,  whilft  it  was  yet  alive.  And,  they  fay,  much  more  impoffible  is  it 
to  effedt  this  re-union,  if  the  body  have  been,  as  it  often  happens,  devour’d 
by  wild  beafts,  or  fifh  ; fince,  in  this  cafe,  tho*  the  fcatter’d  corpufcles  of 
the  carcafs  might  be  recover’d,  as  particles  of  matter;  yet,  having  already 
pafs’d  into  the  fubftance  of  other  animals,  they  are  quite  tranfmuted  by 
the  new  form  of  the  beaft  or  fifh  that  devour’d  them,  and  of  which  they 
now  make  a fubftantiai  part. 

Yet  far  more  impoffible  will  this  renewal  be,  if  we  put  the  cafe,  that 
the  body  was  devoured  by  Cannibals  ; for  then  the  fame  flefh,  belonging 
fucceffively  to  two  different  perfons,  ’tis  impoffible  that  both  fhould  have 
it  reftor’d  to  them  at  once,  or  that  any  footfteps  fhould  remain  of  the  rela- 
tion it  had  to  the  firft  poffeffor. 

But,  in  anfwer  to  this  grand  objedtion,  I have  feveral  things  to Anfwtr'd, 
offer. 

And,  1 ft9  A human  body  is  not  like  a ftatue  of  brafs,  or  marble,  that 
may  continue,  as  to  fenfe,  whole  ages,  in  a permanent  ftate ; but  is  in  a 
perpetual  flux,  or  changing  condition  ; fince  it  grows,  in  all  its  parts,  and 
all  its  dimenfions,  from  a corpufcle  no  bigger  than  an  infedt,  to  the  full 
ftature  of  a man  ; which  could  not  happen  but  by  a conftant  appofltion, 
and  affimilation  of  new  parts,  to  the  primitive  ones,  of  the  little  embryo. 

And  fince  men,  as  other  animals,  grow  but  to  a certain  degree,  and  till  a 
certain  age,  and  therefore  mult  difcharge  a great  part  of  what  they  eat 
and  drink  by  infenfible  perfpiration,  which  Sanfforius9 s ftatical  experiments 
and  mine  allure  me  to  be  fcarce  credibly  great,  as  to  men,  and  fome  other 
animals,  both  hot  and  cold  ; it  will  follow,  that  in  no  very  great  compafs 
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Physics,  of  time,  a large  part  of  the  fubftance  of  a human  body,  muft  be  changed. 

(✓W  Yet  ’tis  confiderable,  that  the  bones  are  of  a liable  and  lading  texture  ; 

as  I found,  not  only  by  fome  chymical  trials,  but  by  the  skulls  and  other 
bones  of  men,  whom  hiftory  records  to  have  been  kill’d  an  exceeding  long 
time  ago. 

2 dly.  There  is  no  determinate  bulk,  or  fize,  neceffary  to  make  a human 
body  pafs  for  the  fame  ; and  a very  fmall  portion  of  matter,  will  fome- 
times,  ferve  the  turn.  Thus  an  embryo,  for  inftance,  in  the  womb,  a new- 
born child,  a man  at  his  full  filature,  and  a decrepit,  aged  perfon,  not- 
v/ithftanding  the  vaft  difference  of  their  fizes,  are  ftill  reputed  to  be  the 
fame  perfon ; as  is  evident  by  the  cuflom  of  crowning  kings  and  emperors 
in  the  mothers  womb  ; and  by  putting  malefa&ors  to  death  in  their  old 
age,  for  crimes  committed  in  their  youth.  And,  if  a very  tall,  and  un- 
wieldy fat  man,  fhould  as  it  fometimes  happens,  be  reduced  by  a con- 
fumption,  almoft  to  a skeleton  ; yet  none  would  deny  that  this  wafted 
man,  were  the  fame  with  him  that  had  once  fo  vaft  a body. 

3 J/y,  A body  may  either  confift  of,  or  abound  with  fuch  corpufcles,  as 
may  be  varioufly  affociated  with  thofe  of  other  bodies,  and  exceedingly 
difguized  by  the  mixtures,  yet  retain  their  own  nature:  and  of  this  we 
have  various  inftances  in  metals.  Thus  gold,  for  example,  when  diflolv’d 
in  Aqua  regia^  paftes  for  a liquor  ; and,  when  dextroufly  coagula- 
ted, appears  a fait,  or  vitriol  ; by  another  alteration,  I have  made  it 
part  of  the  fewel  of  a flame ; being  dextroufly  conjoin’d  to  another  mine- 
ral, it  may  be  reduced  to  glafs ; well  precipitated  with  mercury,  it  makes 
a glorious  tranfparent  powder  ; precipitated  with  fpirit  of  urine,  or  oil 
of  tartar  per  deliquium,  it  makes  a fulminating  calx,  that  goes  off  very 
eafily,  yet  is  farftronger  than  gun-powder  ; precipitated  with  another  cer- 
tain alkali,  the  fire  turns  it  to  a fix’d  and  purple  calx.  But  notwithftand- 
- ingallthefe,  and  various  other  difguizes,  the  gold  retains  its  nature,  as 
may  be  prov’d  by  chymical  operations,  efpecially  by  reductions.  And 
mercury,  is  of  a more  changeable  nature  than  gold  *,  fometimes  putting 
on  the  form  of  a vapour  ; fometimes  appearing  in  that  of  an  almoft  infi- 
pid  water  *,  fometimes  afluming  the  form  of  a red  powder ; fometimes  that 
of  a white,  or  yellow  one  ; of  acryftalline  fait ; of  a malleable  metal  ; 
aqd  of  whatnot?  Yet,  all  thefe  are  various  drefifes  of  the  fame  quick- 
filver,  which  a skilful  artift  may  eafiJy  make  it  put  off,  and  appear  again 
in  its  native  fhape  *. 

And, 


* If  grofs  bodies,  and  light,  be  mutu- 
ally convertible  into  each  other,  as  Sir  lfaac 
Nezvton  feems  to  thinlc  they  are ; what  tranf- 
mutations  may  there  not  be,  in  the  compafe 
of  nature  and  art  ? Nature,  as  Sir  lfaac  ob- 
ferves,  feems  delighted  with  tranfmutations : 
“ Water  ( fays  he  ) (he  changes  into  va- 
“ pour ; which  is  a fort  of  air ; and,  by 
“ cold,  into  ice ; which  is  a hard,  pellu- 


“ cid,  fufible,  brittle  (tone ; and  this  ftone 
“ returns  into  water  by  heat ; and  vapour 
“ returns  into  water  by  cold.  Earth,  by 
“ heat,  becomes  fire  ; and,  by  cold,  re- 
“ turns  into  earth.  Denfe  bodies,  by  fer- 
“ mentation,  rarify  into  feveral  forts  of 
“ air;  and  this  air  by  fermentation,  and 
“ fometimes  without  it,  returns  into  denfe 
“ bodies.  Mercury  fometimes  appears  in 

“ the 
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And  tho’  it  be  true  that  inftances  of  the  permanence  of  corpufcles  under-  Physics. 
going  fucceffive  difguizes,  may  be  much  eafier  found  among  metals  and  mi- 
nerals,  than  vegetables  and  animals  •,  yet  there  are  fome  to  be  met  with  a- 
mong  thefe  too  : for,  not  to  mention  Hippocrates's  affirmation,  about  pur- 
ging a child  with  the  milk  of  an  animal,  that  had  taken  elaterium,  I once, 
in  Savoy , obferv’d  all  the  butter,  that  was  made  in  fome  places,  during  the 
fpring  feafon,  tailed  very  much  of- a certain  weed,  which,  at  that  time,  a- 
bounds  in  the  fields  there.  And  confidering  how  many  elaborate  altera- 
tions the  rank  corpufcles  of  this  weed  mull  have  undergone,  in  the  various 
digeftions  in  the  cow’s  Itomach,  heart,  udder,  &c.  and  that  afterwards 
two  reparations,  at  leall,  were  made,  the  one  of  the  cream  from  the  reft 
of  the  milk,  and  the  other  of  the  undluous  parts  of  the  cream  from  the 
ferum  •,  it  will  fcarce  be  deny’d,  that  vegetable  corpufcles  may,  by  aflo- 
ciation,  pafs  thro’  various  difguizes,  without  lofing  their  nature,  efpe- 
cially  fince  the  efiential  attributes  of  fuch  corpufcles  may  remain  unde- 
ftroy’d,  tho*  no  fenfible  quality  furvive,  to  make  .proof  of  it,  as  is  af- 
forded  by  our  example  in  the  offenfive  tafte.  And  befides  what  we  com- 
monly obferve  on  the  fea-coaft,  of  the  fifhy  tafte  of  thofe  lea-birds  that 
feed  only  upon  fifti  •,  I purpofely  inquired  of  an  obferving  man,  who  lived 
upon  a part  of  the  Irifk  coaft  where  the  cuftom  is  to  fat  their  hogs  with  a 
fort  of  Ihell-fifh,  wherewith  that  place  very  much  abounds,  about  the  tafte 
of  their  pork  ; and  he  allured  me,  that  the  flefh  had  fo  ftrong  and  rank  a 
favour  of  the  fifh,  that  ftrangers  could  not  endure  to  eat  it.  There  is  a 
certain  fruit  in  America , well  known  to  our  Englijh  planters,  which  many 
of  them  call  the  prickle-pear,  whofe  very  red  juice,  being  eaten  with 
the  pulp  of  the  fruit,  of  which  it  is  a part,  paftes  thro5  the  various 
ftrainers,  and  digeftions  of  the  body,  fo  unalter’d,  as  to  render  the 
urine  red  enough  to  perfuade  thofe , who  are  unacquainted  with  this 
property,  that  they  make  bloody  urine  ; as  I have  been  feveral 
times  allured,  by  unfufpedled  eye-witneftes.  But,  more  odd  is  that, 
related  by  a learned  man  , who  fpent  feveral  years  upon  the  Dutch 
and  Englijh  plantations , in  the  Charibbe  illands ; when  fpeaking  of 


“ the  form  of  a fluid  metal,  andfometimes 
“ in  the  form  of  a hard,  brittle  metal; 
“ fometimes  in  the  form  of  a corrofive, 
“ pellucid  fait,  called  fublimate;  fome- 
“ times  in  the  form  of  a taftlefs,  pellu- 
“ cid,  volatile  white  earth,  call’d  Mer - 
“ curius  dulcis ; or  in  that  of  a red,  opake, 
“ volatile  earth,  call’d  cinnabar;  or  in 
“ that  of  a red  or  white  precipitate ; or 
“ in  that  of  a fluid  fait : and  diftillation 
“ turns  it  into  vapour;  and  being  agitated 
“ in  vacuo , it  fhines  like  Are.  And,  after 
“ all  thefe  changes,  it  returns  into  its  firft 
“ form  of  mercury.  Eggs  grow  from  in- 
**  fenfible  magnitudes,  and  change  into  a- 

nimals;  tadpoles  into  frogs  * and  worms 

Yol.II, 


“ into  flies.  All  birds,  beads,  and  fifties, 
“ infers,  trees,  and  vegetables,  with  their 
* ‘ feveral  parts,  grow  out  of  water,  and  wa- 
“ try  tinftures,  and  falts ; and,  by  putrefa- 
“ 6fion,  return  again  into  watry  fubftances. 
“ Water,  ftanding  a few  days,  in  the  o- 
“ pen  air,  yields  a tinfture,  which  (like 
“ that  of  malf)  by  ftanding  longer,  yields 
“ a fediment,  and  a fpirit ; but,  before  pu- 
“ trefa&ion,  is  fit  nourilhment  for  animals 
“ and  vegetable^.  And,  among  fuch  va- 
“ rious  and  ftrange  tranfmutations,  why 
“ may  not  nature  change  bodies  into  light, 
“ and  light  into  bodies  ?'*  Newton,  Opth\ 
P-  349>  350- 
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a fruit  call’d  Janipa>  or  Junipa , growing  in  feveral  of  thofe  iflands,  he 
fays,  that  at  the  feafon  when  this  fruit  falls  from  the  tree,  the  hogs,  which 
feed  on  it,  have  both  their  flefh  and  fat  of  a violet  colour,  as  experience 
witneffeth  *,  which  colour  is  the  fame  that  the  juice  dyes.  And  the  like 
happens  to  the  flefh  of  parrots,  and  other  birds,  that  feed  upon  it. 

Having  thus  fhewn  that  the  particles  of  a body  may  retain  their  nature 
under  various  difguizes,  I proceed  to  add,  that  they  may  be  {tripp’d  of 
thofe  difguizes,  or,  to  fpeak  without  a metaphor,  be  extricated  from  thofe 
compoficions  wherein  they  are  difguized  *,  and  that  fometimes,  by  fuch 
ways  as  thofe  who  are  Grangers  to  the  nicer  operations  of  nature,  would 
never  have  thought  on  s nor  will  not,  perhaps,  judge  probable,  when  pro- 
pofed. 

Tho*  vitrification  be  look’d  upon  by  chymids  as  the  ultimate  a6tion  of 
the  fire,  and  the  mod  powerful  way  of  making  infeparable  conjunctions 
of  bodies  *,  yet  even  out  of  glafsof  lead,  for  inftance,  made  of  fand,  and 
the  allies  of  a metal,  (tho’  the  tranfmutation  feems  fo  great,  that  the  dark 
and  flexible  metal  is  turn’d  into  a very  tranfparent  and  brittle  mafs)  we 
have  recover’d  opake  and  malleable  lead.  And  tho’  there  be  feveral  ways 
befides  precipitations,  of  divorcing  fubdances,  that  feem  ftriCtly,  if  not 
infeparably,  united  *,  yet,  by  precipitation  alone,  if  a man  have  the  skill 
to  chufe  proper  precipitants,  feveral  feparations  may  be  eafily  and  tho- 
roughly made,  that  every  one  would  not  think  of:  for  ’tis  not  neceffary 
that  in  ail  precipitations,  as  is  obferv’d  in  mod  of  the  vulgar  ones,  the 
precipitant  fhould  indeed  make  a feparation  of  the  didblv’d  body  from  the 
mafs  or  bulk  of  that  liquor,  or  other  adjunCl,  whereto  ’twas  before  uni- 
ted, and  not  be  able  to  perform  this,  without  affociating  its  own  corpufcles 
with  thofe  of  the  body  it  fhould  refcue,  and  fo  making,  in  fome  fenfe,  a 
new  and  farther  compofition.  That  fome  bodies  may  precipitate  others, 
without  uniting  themfelves  with  them,  is  eafily  prov’d  by  the  experiment 
of  refiners  in  feparating  filver  from  copper ; for  the  mixture  being  dif- 
folv’d  in  Aqua  fortis , if  the  folution  be  afterwards  diluted,  by  adding  fif- 
teen or  twenty  times  as  much  common  water,  and  you  put  into  this  liquor 
a copper-plate,  you  (hall  quickly  fee  the  filver  begin  to  adhere  to  the  plate  *, 
not  in  the  form  of  calx,  as  when  gold  is  precipitated  to  make  Aurum  ful - 
tninans , or  tin-glafs,  to  make  a fine  white  powder  for  a fucus  *,  but  in  the 
form  of  a fhining  metalline  fubdance,  that  needs  no  farther  reduction,  to 
be  employ’d  as  good  filver.  And,  by  a proper  precipitant,  1 have  alfo, 
in  a trice,  reduced  a large  quantity  of  well-difguized  mercury,  into  run- 
ning quick- filver.  And,  if  one  can  well  appropriate  the  precipitants  to 
the  bodies  they  are  to  recover,  very  flight,  and  unpromifing  agents,  may 
perform  great  matters  in  a fhort  time. 

If  you  let  a piece  of  camphire  lie  a while  upon  oil  of  vitriol,  fhaking 
them  now  and  then,  it  will  be  fo  corroded  by  the  oil,  as  totally  to  dif- 
appear  therein,  without  retaining  fo  much  as  its  fmell,  or  without  any  ma- 
nifed  fign  of  there  being  camphire  in  that  mixture  ; yet  that  a vegetable 

fubdance. 
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fubftance,  thus  fwallow’d  up  and  changed  by  one  of  the  moft  fretting  and  Physics. 

deftroying  fubftances  known  in  the  world,  fhould  not  only  retain  the  elfin-  L/YV; 

tial  qualities  of  its  nature,  but  be  reflorable  to  its  obvious  and  fenfible  ones 

in  a minute,  and  that  by  fo  unpromifing  a medium,  as  common  water, 

will  appear  by  pouring  thefolution  into  a large  proportion  of  that  fluid,  to 

whofe  upper  part  there  will  immediately  rife  white,  brittle,  ftrong-fcented, 

and  inflammable  camphire,  as  it  was  before. 

’Tisherea  principal  confederation,  that  all  bodies  being  but  parcels  of  the 
univerfal  matter  mechanically  different,  they  may  fucceflively  put  on  forms, 
in  a way  of  circulation,  till  they  return  to  their  original  form,  whence  they 
firft  begun  ; by  having  only  their  mechanical  properties  alter’d. 

That  all  bodies  agree  in  one  common  matter,  the  fchools  themfelves 
allow  ; making  what  they  call  the  Materia  prima  to  be  the  common  bafis 
of  them  all  y and  rheir  fpeciflc  differences  to  fpring  from  their  particular 
forms : and  fince  the  true  notion  of  body  confifts  either  alone  in  its  exten- 
fion,  or  in  that  and  impenetrability  together,  it  will  follow,  that  the  dif- 
ferences which  make  the  varieties  of  bodies  we  fee,  muff  not  proceed  from 
the  nature  of  mere  matter,  of  which  we  have  but  one  uniform  conception ; 
but  from  certain  attributes,  fuch  as  motion,  fize,  pofition,  &c.  that  we  call 
mechanical  affections.  Hence  a determinate  proportion  of  matter  being 
given,  if  we  fuppofe  that  an  intelligent  and  otherwife  duly  qualify’d  agent 
were  to  watch  this  portion  of  matter  in  its  whole  progrefs  thro’  the  various 
forms  it  is  made  to  put  on,  dll  it  come  to  the  end  of  its  courle  or  feries  of 
changes  ; and  that  this  intelligent  agent  Ihould  lay  hold  of  this  portion  of 
matter,  cloth’d  in  its  ultimate  form  ; and,  extricating  it  from  any  other 
parcels  of  matter  wherewith  it  may  be  mix’d,  make  it  exchange  itslaft  me- 
chanical properties  for  thofe  which  it  had  when  this  agent  firft  began  to 
watch  it : in  fuch  a cafe,  I fay,  this  portion  of  matter,  how  many  changes 
and  difguizes  foever  it  may  have  undergone  in  the  mean  time,  will  return 
to  be  what  it  was;  and  if  it  were  before  part  of  another  body  to  be  repro- 
duced, it  will  become  capable  of  having  the  fame  relation  to  it,  that  for- 
merly it  had. 

Thus,  fuppofe  a man  to  cut  a large  fphere  of  foft  wax  into  two  equal, 
parts,  and  ot  the  one  to  make  cones,  cylinders,  rings,  fcrews,  &c . and 
kneading  the  other  with  pafte,  make  an  appearance  of  cakes,  vermicelli, 
wafers,  biskets,  &c.  ’tis  plain,  that  one  may,  by  diffolution,  and  other 
ways,  feparate  the  wax  from  the  pafte,  and  reduce  it  in  a mould  to  the  fame 
hemifphere  of  wax  it  was  before  ; and  fo  we  may  deftroy  all  that  made  the 
other  part  of  the  wax  pafs  for  cones,  cylinders,  rings,  &c.  and  reduce 
it  in  a mould  to  one  diftindl  hemifphere,  fit  to  be  re- conjoin’d  to  the  other  ; 
and  fo  to  recompofe  fuch  a fphere  of  wax,  as  they  conftituted  before  the 
feparation  was  made.  And  to  view  precipitate,  carefully  prepared  per  fey 
one  would  think  that  art  had  here  made  a body  extremely  different  from 
common  mercury  ; this  being  confiftent,  like  a powder,  very  red  in  colour, 
and  purgative,  and  for  the  moft  part  vomitive  in  operation,  tho’  given  but 
in  the  quantity  of  four  or  five  grains:  yet  if  you  but  urge  this  powder  with 
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Physics,  a due  heat  ; by  putting  the  component  particles  into  a new  and  fit  motion* 

tyW  you  may  re-unite  them  together,  fo  as  to  re-produce  the  fame  running 
mercury  you  had  before  the  precipitate  per fe  was  made  of  it. 

4 thly9  Butthechriftian  do6trme  doth  not  afcribe  the  refurredtion  to  na- 
ture, or  any  created  agent,  but  to  the  peculiar  and  immediate  operation 
of  God  -,  who  has  declared,  that  he  will  raife  the  dead.  Wherefore,  when 
1 mention  chymical  ways  of  recovering  bodies  from  their  various  difguizes, 

I anrfar  from  defiring,  that  fuch  ways  fhould  be  thought  the  only  ones, 
or  the  beft  that  can  pofiibly  be  employ’d  to  fuch  an  end.  For,  as  the  ge- 
nerality of  men,  without  excepting  philofophers  themfelves,  would  not 
have  believed  or  thought,  that  by  eafy  chymical  ways,  bodies,  which  are 
reputed  to  have  pafs’d  into  quite  another  nature,  fhould  be  reduced  or 
reftored  to  their  former  condition  *,  fo,  till  chymiftry,  and  other  parts  of 
natural  philofophy,  be  more  thoroughly  underftood,  and  farther  pro- 
moted, ’tis  probable,  that  we  can  fcarce  now  imagine,  what  expedients 
to  re-produce  bodies,  a further  difcovery  of  the  myfteries  of  art  and  na- 
ture may  lead  us  to.  And  much  lefs  can  our  {lender  knowledge  determine., 
what  means,  even  of  phyfical  ones,  the  moft  wife  author  of  nature  is  able 
to  employ,  to  bring  the  refurredlion  to  pafs  ; fince  ’tis  a part  of  the  imper- 
fection of  inferior  natures,  to  have  but  an  imperfedt  apprehenfion  of  the 
powers  of  one  that  is  incomparably  fuperior  to  them.  And  even  among 
ourfelves,  a child,  who  is  endow’d  with  a reafonable  foul,  cannot  conceive 
how  a geometrician  fhould  meafure  inacceffible  heights  and  diftances  ; 
much  lefs,  how  a cofmographer  can  determine  the  whole  compafs  of  the 
earth  and  fea  -,  or  an  aftronomer  fhew  how  far  ’tis  from  hence  to  the  moon  *, 
and  tell  many  years  before-hand,  what  day  and  hour,  and  to  what  degree, 
fhe  will  be eclipfed.  And,  indeed,  in  the  Indies^  not  only  children,  but 
rational  men,  could  not  perceive  how  ’twas  poffible  for  the  Europeans  to 
converfe  with  one  another,  by  the  help  of  a piece  of  paper,  at  a hundred 
miles  diftance  •,  and  in  a moment  produce  thunder  and  lightning,  and  kill 
men  a great  way  off,  as  they  faw  done  by  guns  •,  and  much  lefs,  how  they 
fhould  foretel  an  eclipfe  of  the  moon,  as  Columbus  did,  to  his  great  ad- 
vantage : which  things  made  the  Indians , even  the  chiefefl  of  them,  look 
upon  the  Spaniards  as  perfons  of  more  than  human  nature.  Now,  among 
thofe  whohave  a true  notion  of  a Deity,  a Being  both  omnipotent  and 
omnifeient,  that  he  can  do  all,  and  more  than  all,  that  is  poffible  to  be 
perform’d  by  any  way  of  difpofingof  matter  and  motion,  is  a truth  that 
will  be  readily  acknowledg’d  ; fince  he  was  able  at  firft  to  produce  the 
world,  and  contrive  fome  part  of  the  univerfal  matter  of  it,  into  the  bo- 
dies of  the  firft  man  and  woman.  And  that  his  power  extends  to  the  re- 
union of  a foul  and  body,  which  have  been  feparated  by  death,  we  may 
learn  from  the  experiments  God  has  been  pleafed  to  give  of  it,  both  in  the 
old  teflament  and  the  new  *,  efpecially  in  the  raifing  Lazarus  and  Chnft 
again  to  life  : of  the  latter  of  which,  particularly,  we  have  proofs  ftrong 
enough  to  latisfy  any  unprejudiced  perfon,  who  defires  but  competent  ar- 
guments to  convince  him. 


Since 
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Since  then  a human  body  is  not  fo  confined  to  a determinate  bulk,  but  Physics 
that  the  fame  foul  being  united  to  a portion  of  duly-organiz’d  matter,  is 
faid  to  conditute  the  fame  man,  notwithftanding  the  vad  differences  of  big- 
nefs  that  there  may  be,  at  feveral  times,  between  the  portions  of  matter 
whereto  the  human  foul  is  united  : fince  a confiderable  part  of  the  human 
body  confifls  of  bones,  which  are  bodies  of  a very  determinate  nature,  and 
not  apt  to  be  dedroy’d  by  the  operation  either  of  earth  or  fire : fince  of  the 
lefs  liable,  and  efpecially  the  fluid  parts  of  a human  body,  there  is  a far 
greater  expence  made,  by  infenfible  tranfpiration,  than  even  philofophers 
would  imagine : fince  the  fmall  particles  of  a refolded  body  may  retain 
their  own  nature,  under  various  alterations  and  difguizes,  of  which  ’tis 
poffible  they  may  be  afterwards  ftript : fince,  without  making  a human 
body  ceafe  to  be  the  fame,  it  may  be  repair’d  and  augmented  by  the  adap- 
tation of  fidy-difpofed  matter  to  that  which  pre-exifted  in  it : fince  thefe 
things  are  fo,  why  fhould  it  be  impoffible,  that  a mofl  intelligent  agent, 
whofe  omnipotence  extends  to  all  that  is  not  truly  contradi&ory  to  the  na- 
ture of  things,  or  to  his  own,  fhould  be  able  fo  to  order  and  watch  the  par- 
ticles of  a human  body,  that  of  thofe  remaining  in  the  bones,  of  thofe  that 
plentifully  fly  away  by  infenfible  tranfpiration,  and  of  thofe  that  are  other- 
wife  difpofed  of  upon  their  refolution,  a competent  number  may  be  pre- 
ferved  or  retrieved  ; fo  that  dripping  them  of  their  difguizes,  or  extrica- 
ting them  from  other  parts  of  matter,  to  which  they  may  happen  to  be 
conjoin’d,  he  may  re-unite  them  betwixt  themfelves,  and,  if  need  be, 
with  particles  of  matter  fit  to  be  intervoven  with  them  *,  and  thereby  re- 
flore  or  reproduce  a body,  which  being  united  with  the  former  foul,  may, 
in  a fenfe  agreeable  to  the  exprefiions  of  fcripture,  re-compofe  the  fame 
man,  whofe  foul  and  body  were  formerly  disjoin’d  by  death. 

5/^/y,  Hitherto  we  have  taken  the  do&rine  of  the  refurre&ion  in  a more 
drift  and  literal  fenfe,  becaufe  1 would  fhew,  that  even  according  to  that,* 
the  difficulties  of  anfwering  what  is  mention’d  againfl  the  poffibility  of  it, 
are  not  infuperable  ; tho’  it  would  much  facilitate  the  defence  and  expla- 
nation of  fo  abflrufe  a thing,  to  allow,  that  as  the  human  foul  is  the  form 
of  man,  fo  that  whatever  duly-organiz’d  portion  of  matter  is  thereto  uni- 
ted, it  therewith  conflitutes  the  fame  man  ; the  import  of  the  refurre&ion 
is  fulfill’d  in  this,  that  after  death  there  ffiall  be  another  date,  wherein  the 
foul  ffiall  no  longer  perfevere  in  its  feparate  condition,  butbe  again  united, 
not  to  an  ethereal,  or  the  like  fluid  matter,  but  to  fuch  a fubdance,  as 
may,  with  tolerable  propriety  of  fpeech,  be  call’d  a human  body. 

They  who  afifent  to  this  account  of  the  poffibility  of  the  refurre&ion  of 
the  fame  bodies,  will,  I prefume,  be  much  more  eafily  induced  to  admit 
the  poffibility  of  the  qualifications  the  chridian  religion  afcribes  to  the  glo- 
rified bodies  of  the  raifed  faints.  For,  fuppofing  the  truth  of  the  fcripture, 
we  may  obferve,  that  the  power  of  God  has  already  extended  itfelf  to  the 
performance  of  fuch  things,  as  import  as  much  as  we  need  infer;  fome- 
times  by  fufpending  the  natural  a&ionsof  bodies  upon  one  another,  and 
fometimes  by  endowing  human  and  other  bodies  with  preternatural  qua- 
lities. 
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Physics,  lities.  And  indeed  lightnefs,  or  rather  agility,  indifference  to  gravity 

'vyYV  and  levity,  incorruption,  tranfparency,  opacity,  figure,  colour,  &c. 

being  but  mechanical  affe&ions  or  matter  *,  it  cannot  Teem  incredible,  that 
the  mod  free  and  powerful  author  of  thofe  laws  of  nature,  according  to 
which,  all  the  phenomena  of  qualities  are  regulated,  may,  as  he  thinks  fit, 
introduce,  eflablifh,  or  change  them,  in  any  aflign’d  portion  of  matter, 
and  confequently  in  that  whereof  a human  body  confids.  Thus  tho’  iron 
be  a body  above  eight  times  fpecifically  heavier  than  water  ; yet  in  the 
cafe  of  Elijha' shelve,  its  native  gravity  was  render’d  ineffectual,  and  it 
afeended  from  the  bottom  to  the  top  of  the  water : and  the  gravitation  of 
St.  Peter's  body  was  fufpended,  whild  his  mafter  enabled  him  to  walk  on 
the  fea.  Thus  the  operation  of  the  mod  active  body  in  nature,  flame,  was 
fufpended  in  Nebuchadnezar's  fiery  furnace,  whild  Daniel's  three  compa- 
nions walk’d  unhurt  therein.  And  thus  the  body  of  our  Saviour,  after 
his  refurre&ion,  tho’  it  retain’d  the  very  impreflions  that  the  nails  of  the 
crofs  had  made  in  his  hands  and  feet,  and  the  wound  of  the  fpear  .in  his 
fide,  as  the  hidory  of  the  gofpel  affures  us  *,  was  endow’d  v/ith  far  nobler 
qualities,  than  before  its  death.  And,  as  the  apodle  tells  us,  that  this 
great  change  of  fchematifm  in  the  faints  bodies  will  be  effe&ed  by  the  irre- 
fidible  power  of  Chrid;  we  (hall  not  fcruple  to  allow  of  fuch  an  effeft 
from  fuch  an  agent,  if  weconfider  how  much  the  bare  flight  mechanical 
alteration  of  the  texture  of  a body,  may  change  its  fenfible  qualities  for 
the  better.  Thus,  without  any  vifible  addition,  I have  feveral  times 
changed  dark  andopake  lead,  into  finely- colour’d  tranfparent  glafs,  of  a 
Jefs  fpecific  gravity  ; and  thick  fetid  fmoke,  into  a bright  and  fcentlefs 
flame. 
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^HE  Propofition  I fhall  here  endeavour  to  eftablifh,  is,  that  a Experimental 
man  may  be  a virtuofo,  or  experimental  philofopher,  without  pbihfiphy 
forfeiting  his  cbnft^ky  .. 

And  firft,  ’tis  certain,  that  a due  courfe  or  experimental  phi-  r^/, 
lofophy  greatly  conduces  to  fettle  in  the  mind  a firm  perfuafion  of  the  ex- 
iftence,  and  feveral  of  the  chief  attributes  of  God ; which  perfuafion  is, 
in  the  order  of  things,  the  firft  principle  of  that  natural  religion  we  allow 
as  the  very  foundation  of  reveal’d  religion  in  general. 

That  the  confideration  of  the  vaftnefs,  beauty,  and  regular  motions  of  By  Zifcovering 
the  heavenly  bodies,  the  excellent  flrudture  of  animals  and  plants,  befides^  exigence  of 
a multitude  of  other  phenomena  of  nature,  and  the  fubferviency  of  moftG^’ 
of  thefe  to  man,  may  juftly  induce  him,  as  a rational  creature,  to  con- 
clude, this  vaft,  beautiful,  orderly,  and  admirable  fyftem  of  things,  which 
we  call  the  world,  was  framed  by  an  author  fupremely  powerful,  wife, 
and  good,  can  fcarce  be  deny’d  by  an  intelligent  and  unprejudiced  perfon. 

And  this  is  flrongly  confirm’d  by  experience,  which  witneffeth,  that  in  al- 
moft  all  ages  and  countries  the  generality  of  philofophers  and  contempla- 
tive men  were  perfuaded  of  the  exiftence  of  a Deity,  from  the  confidera- 
tion of  the  phenomena  of  the  univerfe  •,  whofe  fabric,  and  conduct,  they 
rationally  concluded,  could  not  be  juftly  afcribed  either  to  chance,  or  to 
any  other  caufe  than  a divine  Being. 

But  tho’  God  hath  manifefted  himfelf,  even  to  fuch  as  confider  things 
but  fuperficially,  by  (tamping  upon  feveral  of  the  more  obvious  parts  of 
his  works  fuch  confpicuous  impreffions  of  his  attributes,  that  a moderate 
degree  of  underftanding  and  attention  may  fuffice  to  make  men  acknow- 
ledge his  being  ; yet  this  affent  is  greatly  inferior  to  the  belief  which  the 
fame  objedts  are  fitted  to  produce  in  him,  who  with  care  and  skill 
confiders  them.  For,  the  works  of  God  are  fo  worthy  of  their  author, 
that,  befides  the  impreffes  of  his  wifdom  and  goodnefs,  left,  as  it  were, 
upon  their  furfaces  ; there  are  a great  many  more  curious  and  excellent 
tokens,  and  effects  of  divine  artifice,  in  the  hidden  and  innermoft  receffes 
of  them : and  thefe  are  not  to  be  difcover’d  by  the  flight  glances  of  the 

lazy. 
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lazy,  and  the  ignorant  •,  but  require  the  nioft  attentive  and  prying  infpe- 
dion  of  curious  and  well-qualify’d  minds.  And  fometimes  in  one  crea- 
ture there  may  be  great  numbers  of  admirable  things,  that  efcape  a vulgar 
eye,  which  yet  are  clearly  difcernible  by  that  of  a true  naturaiift  •,  who 
brings  with  him,  befides  a more  than  common  curiofity  and  attention,  a 
competent  knowledge  of  anatomy,  optics,  cofmography,  mechanics,  and 
chymiftry.  In  fhort,  God  has  couch’d  fo  many  things  in  his  vifible 
works,  that  the  clearer  light  a man  ufes,  the  more  he  may  difcover  of 
their  unobvious  beauty,  and  exadnefs , and  the  more  fully  and  diftindly 
difcerra  thofe  qualities  that  lie  more  concealed.  And  the  more  wonderful 
things  he  difcovers  in  the  works  of  nature,  the  more  corroborating  proofs 
he  meets  with  to  eftablifh  and  enforce  the  argument  drawn  from  the  uni- 
verfe,  and  its  parts,  to  demonftrate  that  there  is  a God  ; a proportion  of 
fo  vaft  a weight  and  importance,  that  it  ought  to  endear  every  thing  to  us, 
that  is  able  to  confirm  it,  and  afford  us  new  motives  to  acknowledge  and 
adore  the  divine  author  of  things. 

Now,  with  regard  to  this  matter,  we  may  confidently  fay,  that  experi- 
mental philofophy  has  a great  advantage  of  the  fcholaftic : for,  in  the  Pe- 
ripatetic fchools,  where  things  are  afcribed  to  certain  fubftantial  forms, 
and  real  qualities  *,  the  accounts  of  nature’s  works  may  be  eafily  given  in  a 
few  words,  general  enough  to  be  applicable  on  almofl  all  occafions.  But 
thefe  uninftrudive  terms  neither  oblige  nor  conduct  a man  to  deeper  fearches 
into  the  ftrudure  of  things,  their  manner  of  being  produced,  and  of  ope- 
rating upon  one  another  ; and  confequently  are  very  infufficient  to  difclofe 
the  exquifite  wifdom  which  the  omnifcient  maker  has  expreffed  in  the  pecu- 
liar fabric  of  bodies,  and  the  well-regulated  motions  of  them,  or  of  their 
conflituent  parts.  From  the  difcernment  of  which  things,  neverthelels,  it 
is,  that  there  arifes,  by  way  of  refult  in  the  philofophic  mind  of  an  intelli- 
gent contemplator,  a ftrong  convidion  of  the  being  of  a divine  artificer, 
and  a juft  acknowledgment  of  his  admirable  wifdom.  To  be  told  that  an 
eye  is  the  organ  of  fight,  and  that  this  is  perform’d  by  that  faculty  of  the 
mind,  whichrfrom  its  fund  ion,  is  call’d  vifive,  will  give  a man  but  a forry 
account  of  the  inftrument,  and  manner  of  vifion  itfell,  or  of  the  knowledge 
of  the  artificer  who  form’d  the  eye.  And  he  who  can  take  up  with  this  eafy 
theory  of  vifion,  will  not  think  it  necefiary  to  bellow  pains  to  difled  the 
eyes  of  animals,  or  ftudy  the  writings  of  mathematicians,  to  underhand  the 
dodrine  of  it  j and,  accordingly,  will  have  but  mean  thoughts  of  the  contri- 
vance of  the  organ,  and  the  skill  of  the  artificer,  in  comparifon  of  the  ideas 
that  will  be  fuggefled  of  both  to  him,  who,  being  thoroughly  skill’d  in  ana- 
tomy, and  optics,  by  their  help  takes  afunder  the  feveral  coats,  humours, 
and  mufcles,  of  which  that  exquifite  dioptrical  inftrument  confifts ; and, 
having  feparately  confider’d  the  figure,  fize,  confidence,  texture,  tranfpa- 
rency,  or  opacity,  fituation,  and  connexion  of  each  of  them,  and  how  they 
are  all  adjufted  in  the  whole  eye,  fhall  difcover,  by  the  laws  of  optics,  how 
admirably  this  little  organ  is  fitted  to  receive  the  incident  rays  of  light,  and 

dif- 
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difpofe  them  in  the  belt  manner  poflible,  to  give  a lively  reprefentation  of  Physics. 
the  numberlefs  objedts  of  fight. 

*Tis  eafy  to  fay,  in  general  terms,  that  the  world  is  wifely  framed  *,  but 
I doubt  it  often  happens,  that  men  confefs  the  creatures  are  wifely  made, 
rather  becaufe  they,  upon  other  grounds,  believe  God  to  be  a wife  agent, 
than  becaufe  fo  flight  an  account  as  the  fchool-philofophy  gives  of  particu- 
lar creatures,  convinces  them  of  any  divine  wifdom  in  the  creator.  And 
tho’  1 am  willing  to  grant  that  fome  imprefllons  of  God’s  wifdom  are  fo  .* 
confpicuous,  that  even,  as  was  faid  before,  a fuperficial  philofopher  may 
thence  infer  that  the  author  of  fuch  works  muft  be  a wife  agent ; yet  how 
wife  an  agent  he  has  in  thofe  works  exprefled  himfelf  to  be,  none  but  an 
experimental  philofopher  can  well  difcern.  And  ’tis  not  by  a flight  furvey, 
but  by  a diligent  and  skilful  fcrutiny  of  the  works  of  God,  that  a man 
muft  be,  by  a rational  and  affective  convidtion,  engaged  to  acknowledge 
that  the  author  of  nature  “ is  wonderful  in  counfel,  and  excellent  in 

working.” 

2.  After  the  exiftence  of  the  Deity,  the  next  grand  principle  of  natural  The  immorta - 
religion  is,  the  immortality  of  the  rational  foul  ; the  genuine  confequence  °f  ^ 
whereof  is,  the  belief  and  expectation  of  a future  and  everla.fting  ftate.^  ° 

For  this  important  truth,  many  arguments  may  bealledged,  to  perfuade 
a fober  and  well-difpofed  man  to  embrace  it ; but  to  convince  a learned  ad- 
verfary,  the  ftrongeft  argument  that  the  light  of  nature  fupplies  us  with, 
feems  to  be  that  afforded  by  real  philofophy : for  this  teacheth  us  to  form 
true  and  diftindt  notions  of  the  body,  and  the  mind,  and  thereby  manifefts 
fo  great  a difference  in  their  effential  attributes,  that  fhews  the  fame  thing 
cannot  be  both.  This  it  makes  out  more  diftindUy,  by  enumerating  fe- 
veral  faculties  and  functions  of  the  rational  foul  •,  fuch  as  to  underftand, 
and  that  fo  as  to  form  conceptions  of  abftradt  things,  of  univerfals,  of  im- 
material fpirits,  and  even  of  that  infinitely  perfect  one,  God  himfelf ; and 
alfo  to  conceive  and  demonftrate  that  there  are  incommenfurable  lines,  and 
furd  numbers  ; to  form  chains  of  reafoning,  and  draw  both  cogent  and 
concatenated  inferences  about  thefe  things  •,  to  exprefs  intellectual  notions, 

$ro  re  natd , by  words,  or  inftituted  figns,  to  other  men  ; to  exercife  free- 
will about  many  things  *,  and  to  make  reflections  on  its  own  acts,  both  of 
underftanding  and  will.  For  thefe,  and  the  like  prerogatives,  that  are  pe- 
culiar to  the  human  mind,  and  fuperior  to  any  thing  that  belongs  to  the 
outward  fenfes,  or  to  the  imagination  itfelf,  manifeff,  that  the  rational 
foul  is  a Being  of  an  higher  order  than  corporeal ; and,  confequently,  that 
the  feat  of  thefe  fpiritual  faculties,  and  the  fource  of  thefe  operations,  is  a 
fubftance,  that,  being  in  its  own  nature  diftindt  from  the  body,  is  not  na- 
turally fubjedt  to  perifh  with  it. 

And,  with  regard  to  this  truth,  our  virtuofo  hath  an  advantage  of  a 
mere  fchool  philofopher.  For,  being  acquainted  with  the  true  and  real 
caufes  of  putrefaction,  and  other  phyfical  kinds  of  corruption,  and  there- 
by difcerning  that  the  things  which  deftroy  bodies,  are  the  avolation,  or 
other  recefs,  of  fome  neceffary  parts,  and  fuch  a depraving  tranfpofition 
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of  the  component  portions  of  matter,  as  is  altogether  unfuitable  to  the* 
ftrudture,  and  mechanical  modification,  effential  to  a body  of  that  fpecies, 
or  kind,  whereto  it  belongs ; he  plainly  perceives,  that  thefe  caufes  of  de- 
li ruction  can  have  no  place  in  the  rational  foul ; which  being  an  immaterial 
fpirit,  and,  confequently,  a fubftance  not  really  divifible,  can  have  no 
parts  expell’d,  or  tranfpofed ; and  fo  being  exempted  from  the  phyfical 
caufes  of  corruption,  that  deftroy  bodies,  it  ought  to  lad  always.  And, 
being  a rational  creature,  endow’d  with  internal  principles  of  adling,  as 
appears  in  free-  will,  it  ought  to  live  for  ever,  unlefs  it  pleafe  God  to  anni- 
hilate it;  which  we  have  no  reafon  to  fuppofe  he  will  do.  On  the  other 
hand,  the  modern  Peripatetics  maintain  fubftantial  forms,  by  fome  of 
them,  ftiled  Semi-fub ft  antics  ; to  which,  in  apes,  elephants,  and  others,  that 
pafs  for  ingenious  animals,  they  afcribe  fome  fuch  faculties,  and  functions, 
as  feem  to  differ  only  in  degree  from  thofe  of  the  rational  foul ; but,  how 
innocent  foever  their  intentions  may  be,  their  doctrine  tends  greatly  to 
weaken  the  chief  phyfical  way  of  proof,  from  whence  the  immortality  of 
man’s  mind  is  juftly  inferr’d.  For  fince,  according  to  the  Peripatetics , 
fubftantial  forms  are,  as  they  fpeak,  educed  out  of  the  power,  or  poten- 
tiality, of  the  matter  ; and  fo  depend  upon  it,  not  only  as  to  adtion,  but 
as  to  being,  that  they  cannot  at  all  fubfift  without  it ; but  when  the  parti- 
cular body,  as  an  herb,  a done,  or  a bird,  isdeftroy’d,  they  perifh  with 
it ; I think  they  give  great  advantage  to  atheifts,  and  cavillers,  to  oppofe 
the  immortality  of  the  mind. 

For  if  to  an  ape,  or  other  brute  animal,  there  belongs  a Being  more 
noble  than  matter,  that  can  adluate,  and  inform  it,  and  make  itfelf  the 
architect  of  its  own  manfion,  tho*  fo  admirable  as  that  of  an  ape,  or  an 
elephant ; if  this  Being  can,  in  the  body  it  hath  framed,  perform  all  the 
fundtions  of  a vegetable  foul  ; and,  befides  thofe,  fee,  hear,  tad,  fmell, 
imagine,  infer,  remember,  love,  hate,  fear,  hope,  expedt,  £stV.  and  yet 
be  a mortal  thing,  and  perifh  with  the  body  ; ’twill  not  be  difficult  for 
thofe  enemies  of  religion,  who  are  willing  to  think  the  foul  mortal,  to 
fancy,  that  human  minds  are  only  a more  noble,  but  not  lefs  mortal  kind 
of  fubftantial  forms  : as,  ainongft  fen fitive  fouls  themfelves,  which  they 
acknowledge  to  be  equally  mortal,  there  is  a great  difparity  in  degree  ; that 
of  a monkey,  for  inftance,  being  very  far  fuperior  to  that  of  an  oyfter. 
And  the  belief  3.  A third  chief  principle  of  natural  religion,  and,  confequently,  of  re- 


of  a divine 
providence* 


veal’d  religion,  which  fuppofes  the  former  as  its  foundation,  is  a belief  of 
the  divine  providence.  And,  in  this  grand  article,  as  well  as  in  the  two 
foregoing,  a man  may  be  much  confirm’d  by  experimental  philofophy  ; 
both  as  it  affords  him  pofitive  inducements  to  acknowledge  the  article,  and 
as  it  fhews  the  great  improbability  of  the  two  principal  grounds,  on  one 
or  other  of  which  is  founded  the  denial  of  God’s  providence. 

A virtuofo,  who,  by  manifold  and  curious  experiments,  fearches  deep 
into  the  nature  of  things,  has  great,  and  peculiar  advantages,  to  difeover, 
and  obferve,  the  excellent  fabric  of  the  world,  as  ’tis  an  immenfe  aggre- 
gate of  the  feveral  creatures  that  compofe  it ; and  to  take  notice  in  its 
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particular  parts,  efpecially  thofe  that  are  animated,  of  fuch  exquifite  con- 
trivances, and  fuch  admirable  co-ordinations,  and  fubordinations,  in  re- 
ference to  each  other,  as  lie  hid  from  thofe  who  are  not  both  attentive,  and 
skilful.  When  our  virtuofo  contemplates  the  vadnefs,  fcarce  conceivable 
fwiftnefs,  and  yet  condant  regularity,  of  the  various  motions  of  the  fun, 
moon,  and  other  celeftial  lights  *,  when  he  confiders  how  the  magnetifm 
of  the  earth  makes  its  poles  condantly  point  the  fame  way,  notwithdand- 
ing  its  various  motions  *,  how,  by  daily  turning  about  its  ov/n  centre  in 
four  and  twenty  hours,  it  receives  as  much  light  and  benefit  from  the  fun, 
and  all  the  glorious  condellations  of  the  firmament,  as  if  they,  with  all 
the  vafl  heavenly  region  they  belong  to,  mov’d  about  it  in  the  fame  time ; 
how,  by  its  fituation  among  them,  it  enjoys  the  regular  viciflitudes  of  day 
and  night,  fummer  and  winter,  &c . how  the  feveral  parts  of  the  fublu- 
nary  world  are  mutually  fubfervient  to  one  another,  and  mofl  of  them  fer- 
viceable  to  man  ; how  excellently  the  bodies  of  animals  are  contrived  i 
what  various  and  fuitable  provifion  is  made  for  different  animals  *,  how  ad- 
mirable and  adonifhing  a procefs  is  gone  through  in  the  formation  of  the 
foetus  ; how  various  animals  are  endow’d  with  ftrange  inftinfrs,  whofe  ef- 
fedls  fometimes  feem  much  to  furpafs  thofe  of  reafon  itfelf:  when,  I fay, 
a philofophei*  duly  refle<5ls  on  thefe  things,  and  many  others  of  the  like 
import,  he  will  think  it  highly  rational  to  infer  from  them  thefe  three  con- 
clufions. 

Fird,  that  a machine  immenfe,  beautiful,  well  contrived,  in  a word, 
fo  admirable  as  the  world,  cannot  have  been  the  effedt  of  mere  chance,  or 
the  tumultuous  judlings,  and  fortuitous  concourfe  of  atoms  ; but  mull 
have  been  produced  by  a caufe  exceedingly  powerful,  wife,  and  benefi- 
cent. 

Secondly,  that  this  mod  powerful  author  and  contriver  of  the  world 
hath  not  abandon’d  a work  fo  worthy  of  him,  but  dill  maintains  and  pre- 
ferves  it  j fo  regulating  the  dupendoufiy  fwift  motions  of  the  great  globes, 
and  other  vad  maffes  of  the  mundane  matter,  that  they  do  not,  by  any 
great  irregularity,  diforder  the  grand  fydem  of  the  univerfe,  and  reduce 
it  to  a chaos,  or  confufed  date  of  things. 

Thirdly,  that  as  it  is  not  above  the  ability  of  the  divine  author,  tho’  a 
dngle  Being,  to  preferve  and  govern  all  his  vidble  works,  how  great  and 
numerous  foever  s fo  he  thinks  it  not  below  his  dignity  and  majedy,  to 
extend  his  care  and  beneficence  to  particular  bodies,  and  even  to  the  mean- 
ed  creatures  j providing,  not  only  for  the  nourifhment,  but  for  the  pro- 
pagation of  fpiders,  and  ants  themfelves.  And,  indeed,  fince  the  truth 
of  this  afiertion,  that  God  governs  the  world  he  has  made,  would  ap- 
pear by  the  condancy,  and  regularity,  and  adonifhingly  rapid  motions  of 
the  vad  celedial  bodies,  and  by  the  long  trains  of  as  admirable  artifices 
employ’d  in  the  propagation  of  various  forts  of  animals  ; I fee  not  why  it 
fhould  be  deny’d  that  God’s  providence  may  reach  to  his  particular  works 
here  below,  efpecially  to  the  nobled  of  them,  man  *,  fince  mod  of  thofe 
who  deny  this,  as  derogatory  to  God’s  majedy,  and  happinefs,  acknow- 
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ledge,  that,  at  the  firft  formation  of  things,  the  great  author  of  them 
muft  not  only  have  extended  his  care  to  the  grand  fyftem  of  the  univerfe  in 
general ; but  allow’d  it  to  defcend  fo  low,  as  to  contrive  all  the  minute 
and  various  parts,  not  only  of  greater,  and  more  perfect  animals,  as  ele- 
phants, whales,  and  men  ; but  fuch  fmall,  and  abje<ft  ones,  as  flies,  ants, 
mites,  &c.  which  being  manifeftly  propagated  by  eggs,  laid  by  the  fe- 
male, cannot  reafonably  be  thought  the  offspring  of  putrefaction.  Whence 
I gather,  as  from  matter  of  fa£t,  that  to  be  concern’d  for  the  welfare 
even  of  particular  animals,  as  it  is  agreeable  to  God’s  wifdom,  and  exu- 
berant beneficence  ; fo  it  is  not  truly  derogatory  to  his  adorable  greatnefs 
and  majefty. 

And  fince  man  is  the  nobleft  of  God’s  vifible  works ; fince  very  many 
of  them  feem  made  for  his  ufe  •,  fince,  even  as  an  animal,  he  is  wonderfully 
made,  and  curioufly  or  artificially  wrought;  and  fince  God  has  both  gi- 
ven him  a rational  mind,  and  endow’d  it  with  an  intellect,  whereby  he  can 
contemplate  the  works  of  nature,  and  by  them  acquire  a conviction  of  the 
exiftence,  and  feveral  attributes  of  their  fupremely  perfeCt  author ; and, 
laftly,  fince  God  hath  planted  notions  and  principles  in  the  mind  of  man, 
fit  to  make  him  lenfible  that  he  ought  to  adore  his  maker,  as  ;he  mod  per- 
fect of  Beings,  the  fupreme  Lord,  and  governor  of  the  world  ; natural 
reafon  dictates  to  him,  that  he  ought  to  exprefs  the  fentiments  he  has  for 
this  divine  Being,  by  a veneration  of  his  excellencies  ; by  gratitude  for  his 
benefits ; by  humiliation,  in  view  of  his  greatnefs,  and  majefty  ; by  an 
awe  of  his  juftice  ; by  reliance  on  his  power,  and  goodnefs;  and,  in  fhort, 
by  thofe  feveral  aCts  of  natural  religion  that  reafon  fliews  to  be  fuitable, 
and  therefore  due  to  thofe  feveral  divine  attributes  of  his,  which  it  has  led 
us  to  acknowledge. 

And  here  I fhall  add,  that,  from  the  Cartefian  principles,  a double  ar- 
gument may  be  drawn  for  divine  providence. 

For,  firft,  according  to  the  Cartefians , local  motion,  which  is  the  grand' 
principle  of  all  aCtion  among  things  corporeal,  is  adventitious  to  matter  , 
and  was  originally  produced  in  it,  and  is  ftill  every  moment  continu’d, 
and  preferv’d,  immediately  by  God:  whence  it  may  be  inferr’d,  that  he 
concurs  to  the  aCtions  of  each  particular  phyfical  agent,  and  confequently 
that  his  providence  reaches  to  all  and  every  one  of  them. 

And,  fecondly,  the  fame  Cartefians  believe  the  rational  foul  to  be  an 
immaterial  fubftance,  really  diftinCt,  and  feparable  from  the  body.  Whence 
I infer,  that  the  divine  providence  extends  to  every  particular  man  ; fince, 
whenever  an  embryo,  or  little  human  body  form’d  in  the  womb,  is,  by 
being  duly  organized,  fitted  to  receive  a rational  mind,  God  is  pleas’d  to 
create  one,  and  unite  it  to  that  body.  In  which  tranfadlion,  there  feems 
to  me  a necefllty  of  a diredt  and  particular  intervention  of  the  divine 
power;  fince  I underftand  not  by  what  phyfical  charm  or  fpell  an  im- 
material fubftance  can  be  allured  into  this  or  that  particular  embryo,  of 
many  that  are,  at  the  fame  time,  fitted  to  receive  a human  foul ; nor  by 
what  merely  mechanical  ties,  or  bond,  an  immaterial  fubftance  can  be 
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durably  join’d,  and  united,  with  a corporeal  one,  in  which  it  finds  no  Physics. 
parts,:  chat  it  has  organs  to  take  hold  of,  and  to  which  it  can  furnifh  no 
parts  to  be  fatten’d  upon  by  them.  No  better  can  I conceive,  how  a mere 
body  can  produce  pain,  pleafure,  &c.  by  its  own  mere  action,  or  endea- 
vour to  a£t  on  an  immaterial  fpirit.  Nor  will  the  force  of  all  this  reafon- 
ing  be  eluded,  by  faying,  with  fome  deifts,  that,  after  the  firft  formation 
of  the  univerfe,  all  things  are  brought  to  pafs  by  the  fettled  laws  of  na- 
ture. For  tho*  this  be  confidently,  and  not  without  colour,  pretended  *, 
yet  I confefs  it  does  not  fatisfy  me.  For,  not  to  mention  the  infuperable 
difficulty  there  is  to  give  an  account  of  the  firft  formation  of  things,  which 
many  deifts  will  not^afcribe  to  God  ; nor  that  the  laws  of  motion,  with- 
out which  the  prefent  ftate  and  courfe  of  the  world  could  never  be  main- 
tain’d, did  not  neceffarily  fpring  from  the  nature  of  matter,  but  depended 
upon  the  will  of  the  divine  author  of  things ; I look  upon  a law  as  a moral, 
not  a phyfical  caufe  ; as  being,  indeed,  but  a notional  thing,  according 
to  which,  an  intelligent  and  free  agent  is  bound  to  regulate  its  a&ions. 

But  inanimate  bodies  are  utterly  incapable  of  underftanding  what  a law  is, 
or  what  it  enjoins,  or  when  they  adt  conformably  or  unconformably  to  it  •, 
and  therefore  the  adtions  of  inanimate  bodies,  which  cannot  incite  or  mo- 
derate their  own  adtions,  are  produced  by  real  power,  not  by  laws  ; tho* 
the  agents,  if  intelligent,  may  regulate  the  exertions  of  their  power  by 
fettled  rules. 

4.  I have  taken  notice  of  two  other  accounts,  upon  which  the  experi- 
mental knowledge  of  God’s  works  may,  in  a well-difpofed  mind,  conduce 
to  eftablifh  the  belief  of  his  providence. 

And,  firft,  when  our  virtuofo  fees  with  how  many,  and  how  various, 
and  how  admirable  ftrudtures,  inftindts,  and  other  contrivances,  the  wife 
artificer  hath  furnifhed  even  brutes  and  plants  to  acquire,  and  affimilate 
their  food  *,  to  defend,  or  otherwife  fecure  themfelves  from  hoftile  things  ; 
to  maintain  their  lives,  and  propagate  their  fpecies  *,  it  will  very  much 
conduce  to  perfuade  him  that  fo  wife  an  agent  who  has  at  command  fo  ma- 
ny differing  and  excellent  methods  and  instruments  to  accomplifh  what  he 
defigns,  and  often  aftually  employs  them  for  the  prefervation  and  welfare 
of  beafts,  and  even  of  plants,  can  never  want  means  to  compafs  his  moft 
wife  and  juft  ends,  with  relation  to  mankind  *,  being  able,  by  ways  that 
we  fhould  never  dream  of,  to  execute  his  purpofes,  and  fulfil  his  pro- 
mifes.  J .-i  «''.(■ 

Secondly,  when  we  duly  confider  the  very  different  ends  to  which 
many  of  God’s  particular  works,  efpecially  thofe  that  are  animated,  feem 
defign’d,  with  relped  both  to  their  own  welfare,  and  the  utility  of  man  ; 
and  how  exquifitely  the  great  creator  has  been  pleafed  to  fupply  them 
with  means  admirably  fitted  to  attain  thefe  refpedtive  ends  ; we  cannoj: 
but  think  it  highly  probable,  that  fo  wife  and  fo  bountiful  a Being  ha^ 
never  left  his  nobleft  vifible  creature,  man,  unfurnifhed  with  means  to 
procure  his  own  welfare,  and  obtain  his  true  end,  if  he  be  not  wandfig  to 
himfelf.  And  fince  man  is  endow’d  with  reafon,  which  may  convince 
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Physics,  him,  what  neither  a plant,  nor  a brute  animal  is  capable  of  knowing,  that 
God  is  both  his  maker  and  continual  benefactor ; fince  his  reafon  likewife 
teacheth  him,  that  upon  both  thofe  accounts,  besides  others,  God  may 
juftly  expeCt  and  require  worfhip  and  obedience  from  him  ; fince  alfo  the 
fame  rational  faculty  may  perfuade  him,  that  it  well  becomes  the  majefty 
and  wifdom  of  God,  as  the  fovereign  governor  of  the  world,  to  give  a 
law  to  man,  who  is  a rational  creature,  capable  of  underftanding  and 
obeying  it,  and  thereby  glorifying  the  author  of  it*,  fince,  finding  in  his 
own  mind  a principle,  which  tells  him,  he  owes  a veneration,  and  other 
fuitable  fentiments,  to  the  divine  author  ofhis  being,  and  his  continual  and 
munificent  benefaCtor  ; fince,  on  thefe  accounts,  his  confcience  will  con- 
vince him  of  his  obligation  to  all  the  efTential  duties  of  natural  religion  *, 
and  fince,  laftly,  his  reafon  may  allure  him,  that  his  foul  is  immortal, 
and  is  therefore  capable  and  defirous  of  being  everlaftingly  happy,  after  it 
has  left  the  body  ; he  muft  in  reafon  be  flrongly  inclined  to  wilh  for  a fu- 
pernatural  difcovery  of  what  God  would  have  him  believe  and  do.  And 
therefore,  if,  being  thus  prepared,  hefhall  be  very  credibly  inform’d,  that 
God  hath  actually  been  pleafed  to  difcover,  by  Supernatural  means,  what 
kind  of  worfhip  and  obedience,  which  by  reafon  alone  he  could  but  guefs 
at,  will  be  moft  acceptable  to  him  *,  and  to  encourage  man  to  both  thefe, 
by  exprefs  promifes  of  that  felicity,  which  man,  without  them,  can  but 
faintly  hope  for ; he  would  be  ready,  then,  thankfully  to  acknowledge,  that 
this  way  of  proceeding  becomes  the  tranfcendentgoodnefs  of  God,  without 
derogating  from  his  majefty  and  wifdom.  And  by  thefe  and  the  like  re- 
flections, a philofopher,  who  takes  notice  of  the  wonderful  providence,  that 
God  defcends  to  exercife  for  the  welfare  of  inferior  and  irrational  crea- 
tures, will  have  an  advantage  above  men  not  vers’d  in  the  works  and  courfe 
of  nature,  in  believing,  upon  the  hiftorical  and  other  proofs  which  Chri- 
stianity offers,  that  God  has  actually  vouchfafed  to  man,  his  nobleft,  and 
only  rational  vifible  creature,  an  explicite  and  pofitive  law,  enforced  by 
Severe  penalties  denounced  againft  the  ftubborn  tranfgreflors,  and  promi- 
fing  to  the  fincere  obfervers  of  it,  rewards  fuitable  to  his  own  greatnefs 
and  goodnefs.  And  thus  the  consideration  of  God’s  providence,  in  the 
.conduCt  of  things  corporeal,  may  convey  a well-difpofed  mind  from  na- 
tural to  reveal’d  religion. 

Experimental  5.  Another  thing,  that  difpofes  an  experimental  philofopher  to  embrace 
pbilofopby  religion,  is,  that  his  genius  and  courfe  of  Studies  accuftom  him  to  value 
*mind  from  *and’ delight  in  abftraCt  truths  *,  by  which  term,  1 here  mean  fuch  truths,  as 
Jenfual  things  A°  noc  at  or  very  little,  gratify  mens  ambition,  fenfuality,  or  other  in- 
ferior paflions  and  appetites.  For,  as  the  generality  of  thofe  who  have  an 
averfion  to  religion,  are  led  to  it  by  a contempt  of  all  truths,  that  do  not 
.gratify  their  paflions  or  interefts  *,  fo,  he  who  is  addicted  to  experimental 
knowledge,  is  accuftom’d  both  to  purfue,  efteem,  and  relifh  many  truths, 
that  do  not  delight  his  fenfes,  or  gratify  his  paflions,  or  interefts  ; but  only 
entertain  his  underftanding  with  that  manly  and  rational  Satisfaction, 
.which  is  naturally  afforded  by  the  attainment  of  clear  and  noble  truths. 
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its  genuine  objects  and  delight.  And  tho’  the  difcoveries  made  by  the  help  Physics. 
of  phyfical  or  mechanical  experiments,  are  not,  for  the  mod  part,  allied  to  L/W 
revealed  religion  ; yet,  befides  thatfomeof  them  manifeflly  conduce  to  efta- 
blifh  or  illuftrate  natural  religion,  we  may  argue  a fortiori , that  he  who  is 
accuftomed  to  prize  truths  of  an  inferior  kind,  becaufe  they  are  truths, 
will  be  much  more  difpofed  to  value  divine  truths,  which  are  of  a valtly 
higher  and  nobler  order,  and  of  an  ineflimable  and  eternal  advantage. 

6.  But  farther,  both  the  temper  of  mind,  that  qualifies  a man  for  a vir-  Gives  it  a do- 
tuofo,  and  the  way  of  philofophizing  he  chiefly  employs,  greatly  conduce  cility. 

to  give  him  a fufflcient,  well-grounded,  and  duly-limited  docility  *,  which  is 
a great  difpofition  to  the  entertainment  of  reveal’d  religion.  Jn  the  vulgar 
and  fuperficial  philofophy,  wherein  a man  is  allow’d  to  think  that  he  has 
perform’d  his  part  well,  when  he  has  afcribed  things  to  a fubflantial  form, 
or  to  nature,  or  to  fome  real  quality,  whether  manifeft  or  occult,  without 
proving  that  there  are  fuch  caufes,  or  intelligibly  declaring,  how  they  pro- 
duce the  phenomena,  or  effeCts  refer’d  to  them  •,  ’tis  eafy.  for  a man  to 
have  a great  opinion  of  his  own  knowledge,  and  be  puff’d  up  by  it.  But 
a virtuofo,  who  cannot  fatisfy  himfelf,  nor  dares  pretend  to  fatisfy  others, 
till  he  can,  by  hypothefes  that  may  be  underftood  and  prov’d,  declare  in- 
telligibly the  manner  of  the  operation  of  the  caufes  he  afligns,  will  often 
find  it  fo  difficult  a task  to  effeCt  all  this,  that  he  mufl  eafily  difcern,  he 
needs  further  information,  and  therefore  ought  to  feek  for  it  where  ’tis 
the  mod:  likely  to  be  had.  Befides,  the  litigious  philofophy  of  the  fchools 
feldom  furnifhes  its  difciples  with  better  than  dialectical  or  probable  argu- 
ments, which  are  not  proper  fully  to  fatisfy  the  perfon  who  employs  them, 
or  to  leave  his  adverfary  without  an  anfwer,  as  probable  as  the  objection: 
upon  which  account,  men  who  have  more  wit  than  a fincere  love  for  truth, 
will  be  able  to  difpute  fpecioufly  enough,  as  long  as  they  pleafe,  And  as 
fuch  flippery  arguments  are  not  able  to  convince  even  the  perfon  who  ufes 
them,  if  he  be  a man  of  judgment ; fo,  if  he  deals  with  a witty  adverfary, 
they  will  leave  him  able  to  elude  any  arguments  of  the  like  nature,  with 
which  he  fhail  be  prefs’d.  And  in  effeCt,  we  fee,  that  in  the  Ariftotelian  ’ 
philofophy  there  are  feveral  eftablifh’d  queflions  ; fuch  as.  Whether  the 
elements  retain  their  diflinCt  natures  in  a mix’d  body  ? Whether  the  celeflial 
orbs  are  moved  by  intelligences?  &V.  which  have  been  difputed  from  age 
to  age,  and  are  like  to  continue  queflions  for  many  more,  if  that  philofopy 
lhall  lad  fo  long.  But  a virtuofo,  who  in  his  reafonings  attends  to  the 
principles  of  mathematics,  and  found  philofophy,  and  to  the  clear  teflimo- 
nies  of  fenfe,  or  well  verify’d  experiments,  acquires  a habit  of  difcerning 
the  cogency  of  an  argument,  or  way  of  probation  *,  and  eafily  perceives, 
that  dialeClical  fubtilties,  and  fchool-tricks,  cannot  fliif t off  its  force  *,  but 
he  finds  more  fatisfaClion  in  embracing  a demonflrated  truth,  than  in  the 
vain  glory  of  fubtilly  difputing  againfl  it. 

7.  Another  thing  that  may,  by  means  of  experiments,  dilpofe  a flu-  And  a fitnefs 
dious  fearcher  of  truth  for  reveal’d  religion,  is,  that  his  inquiries,  and  ^t{e^pin^ 
courfe  of  ftudies,  make  him  both  willing  and  fit  to  fearch  out  and  difcover^/^ 

deep 
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Physics,  deep  and  unobvious  truths.  I have,  with  trouble,  obferv’d,  that  tbe 
greater  part  of  the  libertines  among  us.  being  men  of  Pilate’s  humour* 
(who,  when  he  had  fcornfully  ask’d,  what  is  truth?  would  not  day  for  an 
anfwer)  with  great  difdain,  decline  the  dudy  of  all  truths  that  require  a fe- 
rious  and  fettled  application  of  mind.  Thefe  men  are,  for  the  mod  part, 
a fort  of  fuperficial  and  defultory  wits,  who  go  no  further  than  the  out- 
lide  of  things,  without  penetrating  into  the  recedes  of  them;  and,  being 
eafily  tir’d  with  contemplating  one,  pafs  quickly  to  another,  the  confide- 
ration  whereof,  they,  with  the  fame  lightnefs,  forfake.  And  upon  this 
account,  among  others,  it  is,  that  fuch  men,  tho*  often  much  applauded 
by  others,  becaufe  the  mod  are  but  fuperficial,  as  well  as  they,  almod  as 
feldom  make  good  philofophers,  as  good  chridians.  For  tho’  all  the 
found  arguments  that  may  be  brought  to  evince  the  truth  of  natural  and 
reveal’d  religion,  be  not  abdrufe  •,  yet  fome  of  the  principal,  efpecially 
thofe  that  prove  the  exidence  and  fpecial  providence  of  God,  and  the  im- 
mortality of  the  foul,  are,  if  not  of  a metaphyfical,  yet  at  lead  of  aphi- 
lofophical  nature,  and  will  fcarce  be  clearly  underdood,  and  duly  relifh’d, 
but  by  a perfon  capable  of,  and  accudom’d  to  attentive  and  prolong’d  fpe- 
culations.  Now  a man  addicted  to  profecute  difcoveries  of  truths,  not 
only  by  ferious  meditation,  but  by  intricate  and  laborious  experiments, 
will  not  eafily  be  deterr’d  from  effectually  purluing  his  end,  by  the  toils  or 
difficulties  that  attend  the  clearing  of  thofe  notions,  and  matters  of  fad, 
whereon  folid  arguments  for  natural  or  reveal’d  religion  are  founded,  how 
remote  foever  thofe  truths  may  be  from  vulgar  apprehenfions.  In  ffiort,  a 
fuperficial  wit,  fuch  as  is  frequently  found  in  libertines,  and  often  helps  to 
make  them  fuch,  may  be  compared  to  an  ordinary  fwimmer,  who  can 
reach  but  fuch  things  as  float  upon  the  water  ; whild  an  experimental  phi- 
lofopher,  like  a skilful  diver,  not  only  obtains  thofe  things  that  lie  upon 
the  furface  of  the  fea,  but  makes  his  way  to  the  very  bottom  of  it,  and 
thence  fetches  up  pearls,  corals,  and  other  precious  things,  that,  in  fuch 
depths,  lie  conceal’d  from  other  men’s  fight  and  reach. 

Experimental  We  have  feen,  then,  that  experimental  philofophy  is,  in  its  own  nature, 
philofopby  favourable  to  religion  in  general ; it  alfo  greatly  conduces  to  ffiew  the  truth 
^cbrijiian’reli-  the  chridian  religion,  in  particular. 

gion [ in  parti-  This  excellent  religion  is  recommended  to  minds  rightly  difpofed,  by  a 

cular.  great  number  of  prerogatives,  whereof  I ffiall  mention  a few. 

i.  And  fird,  the  three  grand  arguments  that  jointly  evince  the  truth  of 
the  chridian  religion  in  general,  are,  in  my  opinion,  the  excellency  of  the 
doCtrine  which  makes  it  worthy  to  have  proceeded  from  God  ; the  tedi- 
mony  of  the  divine  miracles,  wrought  to  recommend  it  *,  and  the  great  ef- 
fects, produced  in  the  world  by  it.  T wo  of  thefe  three  arguments  are  bot- 
tom’d upon  matters  of  fa6t,  and,  confequently,  are  likely  to  be  the  mod 
prevalent  upon  thofe  who  have  a great  veneration  for  experience,  and  are 
.duly  difpofed  to  frame  fuch  pious  reflections,  as  it  warrants  and  leads  to. 


Now, 
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Now  an  experimental  philofopher,  who  is  matter  of  others  experience,  Physics. 
as  well  as  of  his  own,  and  duly  qualified  to  refledt  upon  both,  will  find  v/Y\j 
ftrong  motives  to  the  belief  of  chrittianity,  in  the  two  laft  of  thefe  argu-  ^j£jsre*f 
ments  of  its  truth.  We  mutt  here  obferve,  that  the  word  experience  may  r\nettscef  ex^ 
admit  of  feveral  fenfes,  whereof  one  is  far  more  comprehensive  than  ano- 
ther, and  likewife  of  feveral  divifions  and  diftributions *,  for,  befides  its 
more  reftrained  acceptation,  it  is  fometimes  fet  in  contra-dittindtion  to 
reafon,  fo  as  to  comprehend  not  only  thofe  phenomena  that  nature  or  art 
exhibits  to  our  outward  fenfes,  but  the  things  we  perceive  to  pafs  within 
ourfelves,  and  all  thofe  ways  of  information,  whereby  we  attain  any  know- 
ledge that  we  do  not  owe  to  abftradted  reafon.  So  that  without  ftretching 
the  word  to  its  utmoft  extent,  and  to  which  it  has  been  enlarg’d,  it  may 
be  look’d  upon  as  a very  comprehenfive  term,  and  fit  to  be  branched  in- 
to parts.  I fhall  therefore  divide  it  into  perfonal,  hiftorical,  and  hiper- 
natural,  or  theological. 

I call  that  perfonal  experience,  which  a man  acquires  immediately  by  Perfonal. 
himfelf,  and  which  accrues  to  him  by  his  own  fenfations,  or  the  exercife  of 
his  faculties,  without  the  intervention  of  any  external  teftimony.  ’Tis  by 
this  experience  we  know,  that  the  fun  is  bright,  fire  hot,  fnow  cold,  and 
white ; that,  upon  the  want  of  aliment,  we  feel  hunger  *,  that  we  hope 
for  future  good  •,  that  we  love  what  we  judge  good,  and  hate  what  we  think- 
evil  ; and  difcern  that  there  is  a great  difference  between  a triangle  and  a 
circle,  and  can  diftinguifh  them  by  it. 

By  hiftorical  experience,  I mean  that,  which  tho’  it  were  perfonal  in  Hiftorical, 
fome  other  man,  is  but  by  his  relation,  or  teftimony,  whether  immediately, 
or  mediately  conveyed  to  us.  ’Tis  by  this  we  know  that  there  were  fuch 
men  as  Julius  Ccefar , and  William  the  conqueror,  and  that  Jofeph  knew 
Pharaoh  had  a dream,  which  the  Egyptian  wife-men  could  not  expound. 

Theological  experience  is  that  by  which  we  know  what  (fuppofing  a di  Andtheolo - 
vine  revelation)  God  is  pleafed  to  relate  or  declare  concerning  himfelf,  hisi^h  or  fuper* 
attributes,  his  adtions,  his  will,  or  his  pu  r poles ; whether  immediately,  natur*l' 
as  he  fometimes  did  to  Job  and  Mofes , and  conftantly  to  our  Saviour  ; or  by 
the  intervention  of  angels,  prophets,  apoftles,  or  infpired  perfons ; as  he 
did  to  the  Ifraelites , and  the  primitive  chriftian  church  ; and  ftill  does  to 
us,  by  thofe  written  teftimonies  we  call  the  fcriptures. 

By  perfonal  experience  we  know  that  there  are  ftars  in  the  heavens  •,  by 
hiftorical  experience  we  know  that  there  was  a new  ftar  feen  by  Tycho,  and 
other  aftronomers,  in  Caffwpeia , in  the  year  1572  •,  and  by  theological 
experience  we  know  that  the  ftars  were  made  on  the  fourth  day  of  the  cre- 
ation. 

I do  not  therefore  here  take  experience  in  the  ftridteft  fenfe  of  all,  but 
in  a greater  latitude,  for  the  knowledge  we  have  of  any  matter  of  fadt  ; 
which,  without  owing  it  to  our  reafoning  faculty,  we  either  acquire  by 
the  immediate  teftimony  of  our  own  fenfes  and  other  faculties,  or  it  ac- 
crues to  us  by  the  communicated  teftimony  of  others.  And  even  in  com- 
mon acceptation,  the  word  experience  is  not  always  meant  of  that  which 
Yol.II.  Kk  is 
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Phvstcs.  is  immediate,  but  is  often  taken  in  a latitude.  As  when  we  fay,  expe- 
rience  teaches  us,  who,  perhaps,  were  never  out  of  England , that  the 
torrid  zone  is  inhabited ; and  perfuades  learned  men,  who  had  opportunity 
to  make  nice  adronomical  obfervations,  that  liars  may  be  generated,  and 
perilh  ; or,  at  leall,  begin  to  appear,  and  then  difappear  in  the  celedial 
region  of  the  world.  On  this  kind  of  hidorical  experience,  confiding  of 
the  perfonaj  obfervations  of  Hippocrates , Galen , and  other  phy  ficians,  tranf- 
mitted  to  us,  a great  part  of  the  practice  of  phyfic  is  founded.  And  the 
mod  rational  phyficians  take,  as  matters  of  fad,  not  only  what  other  phy- 
sicians have  left  upon  record,  but  many  prefent  things,  which  themfelves 
can  know  but  by  the  relation  of  their  patients  •,  as,  that  a man  has  a parti- 
cular antipathy  to  fuch  a thing,  which  the  dodor,  perhaps,  judges  fit  for 
himtoufe;  or,  that  a woman  with  child,  longs  for  this,  or  that  deter- 
minate thing.  And,  phyficians  reduce  thefe,  and  the  like  matters  of  fact, 
to  experience,  as  to  one  of  the  two  columns  of  phyfic,  didinguifhed  from 
reafon. 

Since,  then,  learned  men,  as  well  as  cudom,  confine  not  the  application 
of  the  word  experience,  to  that  which  is  perfonal,  but  employ  it  in  a far 
greater  latitude  ; I fee  not,  why  that,  which  I call  theological  experience, 
may  not  be  admitted  ; fince  the  revelations  that  God  makes  concerning 
what  he  has  done,  or  purpofes  to  do,  are  but  tedimonies  of  things,  mod 
of  them  matters  of  fad,  and  all  of  them  fuch,  as,  ( fo  far  as  they  are  merely 
revelations)  cannot  be  known  by  reafoning,  but  by  tedimony  •,  whofe  be- 
ing divine,  and  relating  to  theological  fubjeds,  does  not  alter  its  nature, 
tho’  it  give  it  a peculiar  and  diper-eminent  authority. 

To  apply  this  didribution  of  experience,  to  the  matters  of  fad,  that  re- 
commend the  credibility  of  the  chridian  religion,  I fhall  offer  my  thoughts 
in  two  diftind  propofitions. 

PROP.  I. 

We  ought  to  believe  fever al  things  upon  the  information  of  experience,  ?nediate 
and  immediate , which , without  that  information , we  fhould  judge  unfit  to 
be  credited  j or , antecedently  to  it , actually  judged  contrary  to  reafon . 

This  propofition  may  be  underdood,  either  of  perfons,  or  of  things,  and 
will  hold  true  in  both. 

And,  fird,  as  to  perfons  •,  if  our  own  obfervation  of  what  occurs 
among  mankind,  does  not  fatisfy  us,  that  we  are  oblig’d,  after  fufficient 
tryal,  frequently  to  alter  the  opinions,  which,  upon  probable  reafons,  we 
had  before  entertain’d,  of  the  fidelity,  prudence,  judice,  chadity,  &c.  of 
this  or  that  perfon  ; we  need  only  turn  to  the  records  of  hidory,  or  appeal 
to  the  tribunals  of  judges.  For,  in  both  we  find  but  too  many  indances 
and  proofs  from  matters  of  fad,  that  perfons  look’d  on,  even  by  intelli- 
gent men,  as  honed,  virtuous,  and  holy,  haveprov’d  falfe,  perfidious,  dif- 
loyal,  unjud,  facrilegious,  perjur’d,  And,  in  the  courts  of  judice,  we 
find  a great  deal  of  time  employ’d  to  deted  not  only  civil  tranfgreffions  *, 

as 
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as  thefts,  cheats,  forgery,  falfe-witnefs,  adultery,  and  the  like,  perpetra- 
ted by  thofe,  who,  before  they  were  throughly  fifted,  pafs’d  for  honed  \ 
but,  even  fins  againd  nature  * as,  the  murders  of  parents  by  their  chil- 
dren, and  children  by  their  parents,  &c.  Whence  ’tis  plain,  that  we 
ought,  upon  the  tedimony  of  experience,  to  change  the  opinions  we  thought 
we  had  rationally  taken  up  of  perfons.  I now  proceed  to  make  good  the 
propofition,  in  the  fenfe  I chiefly  intended,  which  is,  as  it  relates  to 
things. 

If  experience  did  not  inform  and  certify  us, who  would  believe,  that  a little 
heap  oflight,  black  grainsof  matter,  fhould  be  able  toover-turn  done-walls, 
blow  up  whole  cadlesand  rocks  themfelves,  and  do  thofe  other  dupendous 
things,  that  we  fee  adtually  perform’d  by  gun-powder,  made  ufe  of  in  ordi- 
nance, and  in  mines?  Who  would  think,  that  two  or  three  grainsof  opium, 
fhould  fo  dupify  a large  human  body,  as  to  force  a deep  ; and  often,  even 
without  that,  fufpend  the  fharped  torments  in  the  cholic,  gout,  and  other 
the  mod  painful  difeafes,  in  patients  of  quite  different  ages,  fexes,  and  con- 
ditutions  ; in  whom  alfo  the  difeafes  are  produc’d  by  differing,  or  even 
by  contrary  caufes  ? Who  would  believe,  that  the  poifon  adhering  to 
the  tooth  of  a mad  dog,  tho’,  perhaps,  fo  little,  as  to  be  fcarce  difcerni* 
ble  by  fenfe,  fhould  be  able,  after  the  flight  hurt  is  quite  healed,  to  conti- 
nue in  the  warm,  perfpirable  body  of  the  bitten  perfon,  not  only  for  fome 
days,  or  months,  but,  fometimes,  for  very  many  years?  And,  after  ha- 
ving lurk’d  all  that  while,  without  giving  any  trouble  to  the  patient, 
that  it  fhould,  on  a fudden,  pervert  the  whole  oeconomy  of  his  body,  and 
produce  a madnefs  like  that  of  the  dog  which  bit  him,  difcovering  itfelf 
by  that  drange  and  fatal  fymptom,  an  Hydrophobia  ? 

But,  befides  a multitude  of  indances  that  may  be  given  of  truths,  which, 
were  it  not  for  experience,  we  fhould  refufe  to  believe  *,  becaufe  the  fmall 
drength  of  fuch  agents,  feems  altogether  difproportionate  to  the  effedts 
afcribed  to  them  ; many  other  indances  might  be  alledg’d,  wherein  we 
aflent  to  experience,  even  when  its  informations  feem  contrary  to  reafon, 
and  that  which,  perhaps,  we  did  adtually,  and,  without  fcruple,  take  to 
be  true. 

Since  gravity  is  the  principle,  that  determines  falling  bodies  to  move 
towards  the  center  of  the  earth ; it  feems  very  rational  to  believe,  with 
the  generality  of  philofophers,  that,  in  proportion  as  one  body  is  more 
heavy  than  another,  fo  it  fhall  fall  to  the  ground  fader  than  the  other. 
Whence  it  has  been  inferr’d,  that  of  two  homogeneous  bodies,  whereof 
one,  for  example,  weighs  ten  pounds,  and  the  other  but  one  pound  ; the 
former,  being  let  fall  from  the  fame  height,  and  at  the  fame  time  with 
the  latter,  will  reach  the  ground  ten  times  fooner. 

But,  notwithflanding  this  plaufible  reafoning,  experience  fhews  us,  (and 
I have  purpofely  try’d  it ) that  bodies  of  very  unequal  weight,  let  fall 
together,  will  reach  the  ground  at  the  fame  time  ; or  fo  near  it,  that  ’tis 
not  eafy  to  perceive  any  difference  in  the  velocity  of  their  defeent,  from  a 
moderate  height. 

K k 2 ’Tis 
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Physics:  ’Tis  generally  taken  for  granted,  by  naturalifts,  as  well  as  others,  that 

ftrong  and  loud  founds,  as  they  are  heard  much  farther  off,  than  fainter; 
fo  if  the  fonorous  bodies  be  equally  diftant  from  the  ear,  the  very  ftrong 
found  will  arrive  much  fooner  at  it  than  the  other  *,  yet,  by  the  experi- 
ments of  the  moderns  about  the  velocity  of  founds,  (in  making  many  of 
which  I have  endeavour’d  at  accuracy)  it  appears,  that  weaker  founds  are 
(at  lead:  as  to  fenfe)  tranfmitted  thro’  the  air  as  fwiftly  as  the  ftronger. 
And  indeed  ’tis  often  obferv’d,  that  when  cannons  and  muskets  are  dif- 
charg’d  together,  the  reports  of  both  arrive  together  at  the  ear. 

It  feems  irrational  to  conceive,  that  a fmaller  and  weaker  load-ftone 
ftiould  draw  away  a piece  of  fteel  from  a larger  and  ftronger  *,  yet  my  ex- 
perience (and  that  of  others)  proves,  that  in  fome  cafes  this  paradox  is  a 
truth. 

It  has  generally,  by  philofophers,  as  well  as  other  men,  been  look’d 
upon  as  manifeft,  and  agreeable  to  reafon,  that  cold  condenfes  water,  more 
or  lefs,  according  to  its  degree  ; and,  confequently,  that  ice  is  water  re- 
duced into  a lefs  bulk.  But  ’tis  plain,  by  experiments  carefully  made, 
that  water  is,  by  glaciation,  rather  expanded,  or  at  leaft  that  ice  takes  up 
more  room  than  the  water  did  before  it  was  congeal’d.  And  of  this  fort 
of  inftances  it  were  eafy  to  add  a vaft  number. 

And  to  extend  the  force  of  our  arguments  to  that  experience  which  is 
not  immediate,  or  perfonally  our  own,  but  communicated  by  others,  pro- 
vided it  be  competently  attefted,  and  duly  convey’d  to  us  ; there  will  need 
but  a little  reflexion  on  what  is  judg’d  reafonable,  and  freely  practis’d,  by 
philofophers  thcmfelves.  For  how  many  conclufions  have  the  modern  na- 
turalifts admitted,  tho’  abftraCt  reafoning  never  led  men  to  make  them, 
and  even  while  plaufible  arguments,  and  the  notions  and  axioms  of  the 
moft  generally  receiv’d  philofophy,  were  contrary  to  them  ? Thus,  that 
in  the  heavens  there  ftiould  be  generations  and  corruptions,  was  not  only 
unobferv’d  before  the  time  of  Arijlotle , but  is  contradicted  by  his  argu- 
ments; yet  I,  with  many  others,  have  feen  great  fpots  (perhaps  bigger 
than  Europe)  generated  and  diffipated  on  or  near  the  fur  face  of  the  fun: 
and  feveral  of  the  modern  philofophers  and  aftronomers,  having  never  be- 
held any  of  thefe,  muft  take  the  phenomena  upon  the  credit  of  thofe  who 
have  obferv’d  them.  And  much  more  muft  they  do  fo,  who,  in  fpite  of 
the  vulgar  philofophy,  which  made  all  comets  fublunary,  believe  they  are 
celeftial  bodies.  For  that  they  appear  above  the  concave  of  the  moon’s 
orb,  we  credit  upon  the  affirmation  of  thofe  who  obferv’d  them  *,  which 
very  few  have  done  themfelves.  And  the  height  of  the  famous  comet,  or 
difappearing  ftar,  in  Cajfiopeia , in  the  year  1572,  whereon  fo  much  ftrefs 
is  laid  by  our  philofophers  and  mathematicians,  is  admitted  and  urged,  < 
chiefly  from  the  opinion  they  have,  not  only  of  Tycho's  veracity,  but  his 
skill  in  obferving  the  motions  and  phenomena  of  that  celeftial  light,  and 
particularly  its  having  no  parallax. 
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In  fhort,  the  great  architect  of  experimental  hiftory,  Sir  Francis  Bacon>  Ph 
when  he  divides  It  but  into  three  parts,  afiigns  the  fecond  of  them  to  what 
he  calls  preter-generations ; fuch  as  monfters,  prodigies,  and  other  things  •, 
which  being,  as  to  us,  but  cafualties,  all  thofe  that  happen’d  in  other  times 
and  places  than  we  have  lived  in,  we  muft  take  upon  the  credit  of  others. 
And  yet  thefe  mediate  experiments,  by  fuggefting  new  inftances  of  na- 
ture’s power,  and  uncommon  ways  of  working,  and  by  overthrowing  or 
limiting  received  rules  and  traditions,  afford  us  a confiderable  and  inftru- 
dtive  part  of  natural  hiftory,  without  which,  it  would  not  be  either  fo 
found,  or  fo  compleat. 

PROP.  II. 

We  ought  to  have  a great  and  particular  regard  to  thofe  things  that  are  re- 
commended to  our  belief  \ by  what  we  have  reduced  to  real , tho*  fupernatural 
experience . 

For,  i.  ’Tis  manifeft,  that  the  moft  rational  men  fcruple  not  to  believe, 
upon  competent  teftimony,  many  things,  whofe  truth  did  no  way  appear 
to  them,  by  confidering  the  nature  of  the  things  themfelves  ; nay,  tho* 
what  is  thus  believ’d  upon  teftimony,  be  fo  ftrange,  and,  fetting  afide  that 
teftimony,  would  feem  fo  irrational,  that  antecedently  to  it,  the  things,  at 
laft,  admitted  as  truths,  were  a&ually  rejected  as  errors,  or  judg’d  alto- 
gether unfit  to  be  believ’d.  And  the  points  wherein  experience  over-rules 
that,  which,  before  it  happen’d,  was  judg’d  to  be  moft  agreeable  to  rea- 
fon,  concern  things  merely  natural,  or  civil,  whereof  human  reafon  is 
held  to  be  a proper  judge  ; whereas  many  of  the  points  recommended  by 
fupernatural  experience,  concern  things  of  a fuperior  order,  many  of  which 
are  not  to  be  adequately  eftimated  by  the  fame  rules  with  things  merely 
corporeal  or  civil,  and  fome  of  which,  as  the  effence  and  manner  of  ex- 
iftence,  and  fome  peculiar  attributes  of  the  infinite  God,  involve  or  re- 
quire fuch  a knowledge  of  what  is  infinite,  as  vaftly  exceeds  the  reach  of 
our  limited  underftanding. 

But  this  is  not  all : for,  2;  As  ’tis  with  juftice  generally  granted,  that  the 
better  qualified  a witnels  is,  in  the  capacity  of  a witnefs,  the  ftronger  af- 
fent  his  teftimony  deferves  ; fo  we  ought,  of  all  the  things  that  can  be  re- 
commended to  us  by  teftimony,  to  receive  thofe  with  the  higheft  degree 
of  affent,  that  are  taught  us  by  God,  thro*  the  means  of  thofe  perfons 
who  appear  to  have  been  commiffioned  by  him  to  declare  his  mind  to  men. 
For  the  two  grand  requifites  of  a witnefs,  being  the  knowledge  he  has  of 
the  things  he  delivers,  and  his  faithfulnefs  in  truly  delivering  what  he 
knows  •,  all  human  teftimony  muft,  on  thefe  accounts,  be  inferior  to  di- 
vine teftimony  : fince  the  latter  is  warranted  both  by  the  veracity  of  God, 
and  by  his  boundlefs  knowledge;  which  makes  it  as  impoffible  he  fhould 
be  deceiv’d  himfelf,  as  the  other  does,  that  he  fhould  deceive  us.  And, 
becaufe  that,  for  the  delivery  of  divine  teftimony,  it  has  often  pleas’d  God, 
who  is  a moft  free,  as  well  as  a moft  wife  agent,  to  make  ufe  of  unpro- 
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mifing  perfons  as  his  indruments ; I fhall  not  altogether  overlook  this  cir- 
cumdance,  that  an  experimental  philofopher  fo  often  increafes  his  know- 
ledge of  natural  things,  by  what  he  learns  from  the  obfervations  and  pra- 
ctices, even  of  mean,  and,  perhaps,  of  illiterate  perfons,  becaufe  they  are 
converfant  with  the  works  of  nature  ; that  he  is  not  only  willing  to  ad- 
mit, but  often  curious  to  feek  for  informations  from  them:  and  therefore 
he  is  not  likely  to  fhew  much  reluCtance  in  receiving  the  doCtrines  of  reveal- 
ed religion,  fuch  as  Chridianity,  if  the  teachers  of  it  were  honed  men, 
and  had  opportunity  to  know  the  truth  of  the  things  they  deliver  ; tho* 
they  were  of  fome  mean  profeflion. 

And,  indeed,  fuch  a perfon  as  ourvirtuofo,  will,  with  great  willingnefs, 
exercife  himfelf  in  perufing,  with  attention,  and  much  regard,  the  writings 
oftheapodles,evangelids,and ancient  prophets;  notwithdanding any  mean- 
nefs  of  their  Hrd  condition,  or  of  their  fecular  employments.  And  here,  he 
will  not  only  readily  fuder  himfelf  to  be  indrudted  in  the  grand  and  gene- 
ral articles  of  religion,  which,  becaufe  of  their  neceflity,  or  very  great 
ufefulnefs,  are  to  be  met  with  in  many  places,  and  in  variety  of  exprelfions, 
by  honed  and  duly-difpofed  readers  ; but  he  will,  indead  of  difdaining 
fuch  tutors,  both  expeCb,  and  carefully  drive,  to  improve  his  knowledge 
of  divine  things  in  general,  even  by  thofe  hints,  and  incidental  paffages, 
that  a carelefs  or  ordinary  reader  would  overlook,  or  not  expeCt  any  thing 
from.  For,  as  the  fertility  of  the  fcriptures  is  not  ufually  enough  difcerned 
by  vulgar  readers,  when  the  facred  writers  tranfiently  touch  upon  a great 
many  fubjeds,  that  they  do  not  exprefly  handle  ; fo,  the  docility  we  have 
afcribed  to  our  virtuofo,  will  make  him  repofe  a great  deal  of  trud  in  the 
tedimony  of  infpired  Perfons,  fuch  as  Chrid  and  his  apodles, about  things 
of  all  forts,whether  ufually  taken  notice  of,  or  not,  that  relate  to  objedts  of 
a fupernatural  order  ; efpecially  if  among  thefe,  God  himfelf,  and  hispur- 
pofes  be  comprized  : fince  feveral  of  thofe  things  are  not  knowable  with- 
out revelation,  andothers  are  bed  known  by  it.  And  to  be  allow’d  to  ground 
a belief  about  fuch  things,  on  the  relations  and  other  tedimonies  of  thofe 
that  were  <c  eye*witnefles  and  miniders”  of  the  things  they  fpeak  of,  will, 
by  ourvirtuofo,  bejudly  reputed  fuch  an  advantage,  in  order  to  the  know- 
ledge of  things  divine  ; as  theconfulting  with  navigators  and  travellers  to 
America , is,  to  a perfon  curious  to  learn  the  date  of  that  new  world.  For 
an  ordinary  fea-man  or  traveller, who  had  the  opportunity, with  Columbus , 
to  fail  along  the  feveral  coads  of  it,  and  pafs  up  and  down  thorough  the 
country,  was  able  at  his  return  to  inform  men  of  a hundred  things,  that 
they  would  never  have  learnM  by  Ariftotle* s philofophy,  or  Ptolemy* s geo- 
graphy ; and  might  not  only  acquaint  them  with  many  particulars,  agree- 
able to  the  opinions  which  their  receiv’d  phyfics  and  cofmography  fug- 
geded,but  alfo  redlify  feveral  erroneous  prefumptions  and  midakes, which, 
till  then, they  thought  very  agreeable  to  the  didlates  of  thofe  fciences,  and 
to  reafon.  And  as  one,  who  had  a candid  and  knowing  friend,  intimate 
with  Columbus , might  better  rely  on  his  informations  about  many  particu- 
lars of  the  natural  hidory  of  thofe  parts,  than  on  thofe  of  a hundred 
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fchool'philofophers, who  knew  only  what  they  learned  from  Ariftotle,  Pliny,  Physics, 
ALlian , and  the  like  ancient  naturalifts  ; much  more  may  we  rely  on  the 
accounts  given  us  of  divine  things,  by  the  apoftles,and  conftant  attendants 
of  him  who  lay  in  the  “bofomof  God  his  father,”  and  commiflion’d  them 
to  declare  to  the  world  the  “ whole  counfel  of  God,”  as  far  as  ’twas  ne- 
cefiary  for  man  to  know. 

Fuller  trials  are  allow’d,  among  ingenious  men,  to  redtify  the  informa- 
tions of  the  more  imperfedt  ones;  and  therefore  I fhall  add,  that,  tho*  the 
innate  notions  and  fentiments,  which  nature  gives  us  of  the  attributes  and 
mind  of  God,  be  highly  to  be  prized  ; yet  the  informations  that  theologi- 
cal experience  affords  of  thofe  abftrufe  things,  is  far  more  excellent  and 
compleat. 

I have  dwelt  the  longer  upon  the  miracles  that  may  be  pleaded  to  recom- 
mend the  chriftian  religion,  becaufe  I thought,  that  an  argument  grounded 
on  them  is  little  lefs  than  abfolutely  neceffary,  to  prove  that  any  religion 
men  believe  to  be  fupernaturally  reveal’d,  really  proceeds  ftom  God. 

For,  tho’  the  excellency  of  the  chriftian  dodtrine,  and  other  concurrent 
motives,  mayjuftly  perfuade  me,  that’tis  worthy  and  likely  to  be  given  by 
God;  yet  that,  in  fadt,thisdodtrinecomesfrom  him  by  way  of  fupernatural 
revelation,  I can  fcarce  be  fufficiently  afcertained,  but  by  the  miracles 
wrought  by  Chrift  and  his  difciples,  to  evince,  that  the  dodtrine  they 
preach’d,  as  commifiion’d  by  God  to  do  fo,  was  indeed  his  ; being,  as 
fuch,  own’d  by  him.  But  thefe  miracles  having  been  wrought  in  the  firft 
ages  of  the  church ; we  can  have  no  knowledge  of  them  by  our  own  fenfes, 
or  immediate  obfervation,  but  muft  take  them  upon  the  credit  ofhiftorical 
experience,which  is  afforded  us  by  the  duly  tranfmittedteftimony  of  thofe, 
who  were  themfelves  eye-witneffes  of  the  things  they  relate.  And  fince  we 
fcruple  not  to  believe  fuch  ftrange  prodigies,  as  celeftial  comets,  vanifhing 
and  re-appearing  ftars,  iflands  founded  by  fubterraneal  fires  in  the  fea, 
the  darknefs  of  the  fun  for  many  months  together,  earthquakes  reaching 
above  a thoufand  miles  in  length,  and  the  like  amazing  irregularities  of 
nature,  upon  the  credit  of  human  hiftories ; I fee  not,  why  that  hiftorical 
experience  fhould  not  more  be  trufted,  which  has  many  peculiar  and  con- 
current Circumftances  to  confirm  it ; and  particularly  the  death  that  moft 
of  the  firft  promulgators  chearfully  fuffer’d  to  atteft  the  truth  of  it ; and 
the  fuccefs  and  fpreading  of  the  dodtrine  authorized  by  thofe  miracles,  and 
receiv’d  chiefly  upon  their  account.  To  which  things,  fome  perhaps  would 
add,  that  ’tis  lefs  incredible,  that  the  author  of  nature  fhould,  tor  mod 
weighty  purpofes,  make  ftupendous  alterations  of  the  courfe  of  nature; 
than  that  nature  herfelf,  for  no  fuch  end,  fhould,  by  fuch  prodigies,  as  were 
lately  mention’d,  throw  herfelf,  as  it  were,  out  of  her  own  courfe. 

Miracles  being  fo  neceflary  to  the  eftablifhment  of  reveal’d  religion  in 
general,  it  may  be  look’d  upon  as  a farther  difpofition  in  our  virtuofo  to 
receive  the  chriftian  religion,  that  the  philofophy  he  cultivates,  much 
conduces  to  enable  him  to  judge  aright  of  thofe  ftrange  things,  that  are  by 
many  propofed  as  miracles,  and  believed  to  be  fo. 
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For,  firft,  the  knowledge  he  has  of  the  various  and  wonderful  opera- 
tions of  fome  natural  things,  efpecially  when  they  are  skilfully  improv’d, 
and  dextroufly  apply’d  by  art,  particularly  in  mathematics,  mechanics* 
and  chymiftry,  will  qualify  him  to  diflinguifli  between  things  that  are  only 
ftrange  and  furprizing,  and  thofe  that  are  truly  miraculous:  fo  that  he 
will  not  miftake  the  effects  of  natural  magic  for  thofe  of  a divine  power. 
And  by  this  means  he  will  be  able  to  difcover  the  fubtile  cheats,  and  collu- 
sions of  impoftors,  whereby  not  only  the  multitude  of  all  religions,  efpe- 
cially the  heathen,  but  even  learned  men  of  mod  others,  for  want  of  an  m- 
fight  into  real  philofophy,  have  formerly  been,  or  are  at  this  day,  delu- 
ded, and  drawn  into  idolatrous,  fuperftitious,  or  otherwife  erroneous  te- 
nets, or  pra&ices. 

On  the  other  fide,  the  knowledge  our  virtuofo  may  have  of  what  cannot 
be  juftly  expe&ed  or  pretended  from  the  mechanical  powers  of  matter, 
will  enable  him  to  difcern  that  many  things  are  not  producible  by  them, 
without  the  intervention  of  an  intelligent  fuperior  power  ; on  which  ac- 
count he  will  frankly  acknowledge,  and  heartily  believe  feveral  effe&s  to 
be  truly  miraculous,  that  may  be  plaufibly  enough  afcribed  to  other  caufes 
in  the  vulgar  philofophy;  where  men  are  taught  to  attribute  ftupendous 
and  unaccountable  effedts  to  fympathy,  antipathy,  Fuga  vacui,  fubftantial 
forms,  and,  efpecially,  to  a certain  Being,  prefumed  to  be  almoft  infi- 
nitely potent  and  wife,  which  they  call  nature  : for  this  is  reprefented  as  a 
kind  of  goddefs,  whofe  power  may  be  little  lefs  than  boundlefs.  Thus  I 
remember  Galen  himfelf  compares  it  to  that  of  God,  and  faith,  that  he 
could  not  do  fuch  a thing,  becaufe  nature  could  not ; and  cenfures  Mofes 
for  fpeaking  as  if  he  were  of  another  mind. 

I know  it  may  be  objected,  that  thofe  who  arefo  well  acquainted  with 
the  myfteries  of  nature,  and  her  various  and  ftrange  ways  of  working, 
as  our  virtuofo  is  fuppofed  to  be,  may,  by  that  knowledge,  be  ftrongly 
tempted  to  think,  that  thofe  furprizing  things  other  men  call  miracles, 
are  but  effedb  of  her  power,  the  extent  of  which  is  not  eafily  difcern’d  by 
ordinary  men,  nor  fafely  defined  by  philofophers  themfelves.  To  this  I 
fhall  only  here  reply,  that  to  make  it  reafonable  to  judge  a particular  per- 
formance fupernatural,  it  is  not  at  all  neceffary  that  it  furpafs  the  whole 
power  of  nature,  that  is,  of  phyfical  agents,  provided  it  furpafs  the 
power  of  that  caufe,  or  that  complex  of  caufes,  from  which  the  effeft  mud 
in  reafon,  if  it  be  purely  natural,  or  phyfical,  be  fuppofed  to  have  pro- 
ceeded. For  inftance,  that  a fifherman  or  two  fhould  fpeak  other  langua- 
ges than  their  own,  does  not  at  all  exceed  the  power  of  nature,  if  they 
employ’d  a competent  time  in  learning  them  : but,  that  a great  number  of 
hfhermen,  and  other  illiterate  perfons,  fhould,  all  on  a fudden,  become 
linguifts,  and,  in  an  hour’s  time,  be  able  to  fpeak  intelligibly  to  a great 
number  and  variety  of  nations,  in  their  refpe&ive  languages,  as  the  new 
teftament  relates,  that  the  apoftles,  and  their  companions,  did  on  the  day 
of  pentecoll  ; this  gift  of  tongues,  I fay,  was  an  ability  which  in  thofe 
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circumftances  of  place,  time,  and  perfons,  wherein  ’twas  exercifed,  may  Physics. 
juftly  be  concluded  to  have  been  fupernatural,  or  miraculous. 

To  proceed;  ’tis  a notorious  matter  of  fa£t,  that,  in  lefs  than  half  an 
age,  the  chriftian  religion  was  fpread  over  a great  part  of  the  then  known 
world  ; fo  that  in  a few  years  after  it  began  to  be  preach’d,  the  apoftleof 
the  Gentiles  could  tell  the  Romans , with  joy,  “ that  their  faith  was  fpoken 

of  throughout  the  whole  world.”  And  in  the  fecond  century  Tertul - 
lian,  and  other  famous  writers,  fhew,  that  the  gofpel  had  already  numerous 
profelytes  in  a great  number  of  different  kingdoms  and  provinces.  This 
wonderful  quick  progrefs  of  the  chriftian  religion  being  afcertain’d  to  our 
virtuofo,  from  a thing  whereby  he  is  fo  much  fway’d,  as  experience  ; it 
greatly  difpofes  him  to  believe  the  truth  of  fo  prevalent  a religion.  For 
it  he  confiders  the  perfons  who  firft  promulgated  it,  they  were  but  half  a 
fcore  of  illiterate  fifhermen,  a few  tent- makers,  and  other  tradefmen.  If 
he  confiders  the  means  employ’d  to  propagate  this  dodtrine,  he  finds,  that 
they  had  neither  arms,  nor  external  power,  to  compel  men  to  receive  it ; 
nor  riches,  honours,  or  preferments,  to  bribe  or  allure  them  to  it;  nor 
were  they  men  of  philofophical  fubtilty,  to  intrap  or  entangle  the  minds 
of  their  auditors:  nor  did  they  make  ufe  of  the  pompous  ornaments  of 
rhetoric,  and  gloftes  of  oratory,  to  inveigle,  or  entice  men ; but  treated 
of  the  moft  fublime  and  abftrufe  matters  in  a mo  ft  plain  and  unaffedted 
ftyle,  as  became  lovers  and  teachers  of  truth.  If  he  confiders  the  nature 
of  the  dodtrine  that  in  a little  time  obtain’d  fo  many  profelytes,  he  will 
find,  that,  inftead  of  being  fuited  to  the  natural  apprehenfions,  or  the  re- 
ceiv’d opinions  of  men,  and  inftead  of  gratifying  their  corrupt  affedtions, 
or  complying  with  fo  much  as  their  moft  innocent  interefts;  it  prefcribed 
fuch  mortifications,  and  fuch  great  ftridtnefs  of  life,  and  high  degrees  of 
virtue,  as  no  legifiator  had  ever  dat’d  to  impofe  upon  his  fubjedts,  nor 
any  philofopher  on  his  difciples.  And  this  dodtrine  was  propofed  in  fuch 
a way,  and  was  accompany’d  with  predidtions  of  fuch  hardfhips  and  per- 
fections, that  fhould,  in  thofe  times,  be  the  portion  of  its  fincere  pro- 
feffors ; as  if  the  law-giver  had  defign’d  rather  to  fright  men  from  his 
dodtrine,  than  allure  them  to  it : fince  they  could  not  believe  what  he  faid, 
and  foretold,  to  be  true,  without  believing  that  they  fhould  be  made 
great  fufferers  by  that  belief.  If  our  virtuofo  confiders  the  oppofition 
made  to  the  progrefs  of  the  gofpel,  he  will  find  caufe  to  wonder  that  it 
could  ever  be  furmounted.  For  the  heathens,  which  made  by  far  the 
greateft  part  of  the  world,  were  deeply  engaged  in  polytheifm,  idolatry, 
magical  rites,  and  fuperftitions,  and  almoft  all  kind  of  crimes  ; and  fome 
of  thefe  were  fhamelefs  debaucheries,  which  oftentimes  made  a part  of 
their  worfhip.  And  the  Jews , by  the  corrupt  leaven  of  the  pharifees, 
the  impious  errors  of  the  fadduces,  and  the  general  miftakes  of  the 
nation  about  the  perfon,  office,  and  kingdom  of  the  Meftias ; and  by  their 
dotage  upon  their  vain  traditions,  and  numerous  fuperftitions,  grounded 
upon  them,  were,  on  thefe  and  other  accounts,  highly  indifpofed,  as  well 
as  the  Romans , the  two  nations  to  be  converted,  to  be  made  profelytes : 
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efpecially  when  they  could  notcwnthemfelves  to  be  fuch,  withoutexpofing 
their  perfons  to  be  hated  anddefpifed  ; their  poffeffions  tobe  confifcated  ; 
their  bodies  to  be  imprifon’d  and  tormented  ; and  oftentimes  their  lives  to 
be,  in  an  ignominious  and  cruel  manner,  deftroy’d.  And,  whilfl  the  fe- 
cular  magiftrates  made  them  fuffer  all  thefe  hardfliips,  the  venerated 
priefts,  the  fubtile  philofophers,  and  the  eloquent  orators,  perfuaded  the 
world,  that  they  deferv’d  yet  more  than  they  endured  ; and  employ’d  all 
their  learning  and  wit  to  make  the  religion  odious  and  ridiculous,  as  well  as 
the  embracers  of  it  miferable  : accufing  the  martyrs,  and  other  chriflians, 
of  no  lefs  than  atheifm,  inceft,  and  the  inhuman  fhedding  and  drinking 
the  innocent  blood  of  infants.  Thefe,  and  the  like  matters  of  fadt,  when 
our  virtuofo  reflects  on,  and  confiders  by  what  unpromifing  means  fuch 
feemingly  infurmountable  difficulties  were  conquer’d  ; he  cannot,  by 
this  hiftorical  experience,  be  inclined  to  think,  that  effects,  fo  difpropor- 
tionate  to  the  vifible  means,  could  be  brought  to  pafs,  without  the  pecu- 
liar affi fiance,  and  extraordinary  blefiing  of  God  ; by  whom  thofe  fuccefs- 
ful  preachers  averr’d  themfelves  to  be  commilfioned.  For,  that  the  fu- 
pernatural  help  which  the  chrifiian  doctrine  appears  to  have  had,  was  di- 
vine, not  diabolical,  will  feem  evident  to  our  virtuofo,  from  the  nature, 
tendency,  and  effects  of  the  doctrine  itfelf;  which  exprefiy  teacheth,  that 
there  is  but  one  God  ; that  he  alone  is  to  be  worfhipped,  and  not  idols, 
nor  any  of  the  heathen  demons,  or  deities  ; that  the  devils  are  wicked, 
apoflate,  malicious,  and  miferable  creatures,  hated  of  God,  and  who  ex- 
tremely hate  mankind;  and  that  thofe  vices,  as  well  as  rites  of  worfhip, 
eftablifhed  by  them  in  the  world,  were  abominable  to  God,  and  would  be, 
by  degrees,  deftroy’d  by  him:  as,  in  effect,  they  foon  began  to  be  in  ma- 
ny places  of  the  world,  where  the  worfiiippers  of  Chrift  caft  the  devil  out 
ofhis  temples,  out  ofmens  veneration,  and,  oftentimes,  out  oftheir  bodies  too. 

One  circumftance  there  is  of  the  propagation  of  the  gofpel,  which,  tho’ 
it  may  feem  more  extrinfecal  than  thofe  hitherto  mention’d,  is  yet  too  con- 
fiderable  to  be  here  omitted  ; I mean,  that  the  quick  fpreading,  and  fuc- 
cefs  of  the  chrifiian  dodtrine  in  the  world,  was  foretold  both  by  the  pro- 
phets of  the  old  teflament,  and  the  author  and  promulgators  of  the  new. 
For,  it  being  notorious,  that  many  errors  and  fuperflitions,  have,  with  too 
much  celerity,  been  fpread  far  and  wide  in  the  world  ; either  by  reputed 
mere  accidents,  that  were  very  favourable  to  them,  or  by  the  induflry  and 
artifices  of  men  ; it  ought  to  be  no  fmall  fatisfadtion  to  equitable  judges, 
that  the  fudden  progrefs,  and  notable  effedts  of  the  chrifiian  religion, 
were  foretold  by  the  ancient  prophets,  and  by  the  Meffias  and  his  apoflles. 
For,  by  thefe  accomplifh’d  predictions,  it  may  appear,  that  the  wonder- 
ful fuccefs  of  the  gofpel  was  not  an  effedt  of  chance,  but  was,  long  before, 
determin’d  by  divine  providence,  to  be  accomplifh’d  in  a wonderful  man- 
ner, by  his  peculiar  affiftance. 

But  true  prophecies  of  unlikely  events,  fulfill’d  by  unlikely  means,  are 
fupernatural  things;  and,  as  fuch,  may  properly  be  reckon’d  among  mi- 
racles. We  might  add,  that  thefe  have  a peculiar  advantage  above  mofl 
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other  miracles,  on  the  account  of  their  duration  : fince  the  manifeft  proofs  Physics. 
of  the  predictions  continue  ftill,  and  are  as  vifible  as  the  extent  of  the  chri- 
ftian  religion  ; and  fome  of  them  are  ftill  more  and  more  accompli  fil’d, 
by  the  converfions  made  of  multitudes  of  infidels,  in  feveral  vaft  regions  of 
America.  So  that  if  we  may  call  fome  tranfient  miracles,  fuch  as  the  turning 
water  into  wine,  ata  marriage-feaft  in  Galilee  ; and  the  darkening  of  the  fun 
when  the  moon  was  in  the  full,  at  the  crucifixion  of  Chrift  •,  accomplifh’d 
predictions  may  be  fty  led  permanent  ones  ; and  their  difference  may  ap- 
pear by  the  differing  ftates  of  the  Mofaic  manna  : for,  tho’  both  that  which 
fell  daily  (except  on  the  fabbath  ) in  the  wildernefs,  and  that  which  was 
laid  up  in  a pot  before  the  teftimony,  were  fupernatural  productions;  yet, 
tho*  a portion  of  the  former  out-lafted  not  two  or  three  days ; that  kept 
in  the  pot,  was  preferv’d  for  many  ages,  and  continu’d  to  be  ( as  it  was 
foretold  it  fhould  ) a vifible  miracle. 

Befides,  the  preachers  of  the  chriftian  religion,  both  pretended  and  ap- 
peal’d to  miracles,  as  proofs  of  the  truth  of  their  doCtrine:  and  if  we 
confider  the  great  difadvantages  they  lay  under,  and  the  powerful  oppofi- 
tion  of  all  forts,  that  they  met  with  and  furmounted ; it  cannot  reafonably 
be  thought,  that  fuch  unlikely  men  fhould  To  fuccefsfully  preach  fo  unin- 
viting a doClrine,  unlefs  it  were  confirm’d  by  confpicuous  miracles.  Or, 
at  leaft,  if  fo  uneafy  and  perfecuted  a religion,  was  propagated  without 
miracles,  that  propagation  itfelf  may  juftly  pafs  for  a miracle  ; and  be  no 
lefs  fit  than  another,  to  confirm  the  religion  fo  admirably  propagated.. 

Thus,  I think,  I have  ftiewn,  that  a virtuofo  has  fome  helps,  which 
other  men,  generally  fpeaking,  want,  to  make  him  judicioufly  approve 
the  arguments  for  the  truth  of  the  chriftian  religion,  grounded  on  the  mi- 
racles wrought  in  its  favour,  and  the  wonderful  fuccefs  of  it  in  the  world. 

But,  becaufe  a reveal’d  religion,  how  true  foever,  can  fcarce  be  proved 
but  by  moral  demonftrations ; and  becaufe  it  is  not,  therefore,  always 
fufficient,  that  the  arguments  be  good  in  their  kind;  but  there  are  fome 
qualifications  requir’d  in  the  minds  of  thofe  who  are  to  be  convinc’d  by 
them ; I fhall  now  add,  that  experimental  philofophy  alfo  difpofes  the 
mind  of  its  cultivator  to  receive  due  impreflions  from  fuch  proofs,  as  mi- 
racles, as  well  as  other  topics,  afford  the  chriftian  religion. 

Another  thing,  then,  that  qualifies  an  experimental  philofopher,  for  the 
reception  of  reveal’d  religion,  is,  the  habit  of  endeavouring  to  give  clear  ex- 
planations of  the  phenomena  of  nature,  and  to  difeover  the  weaknefs  of 
thofe  folutions  which  fuperficial  wits  ufually  make  andacquiefce  in,  infen- 
fibly  works  in  him  a great  and  ingenuous  modefty  of  mind.  And,  on 
account  of  this  intellectual,  as  well  as  moral  virtue,  he  will  not  only  be 
very  inclinable,  both  to  defire  and  admit  further  information,  about  things 
which  he  perceives  to  be  dark,  or  abftrufe  ; but  he  will  be  very  unapt  to 
take,  for  the  adequate  ftandard  of  truth,  a thing  fo  imperfectly  inform’d, 
and  narrowly  limited,  as  his  mere,  or  abftraCted  reafon.  And  tho’  a vul- 
gar philofopher,  who  allows  himfelf  to  refer  the  obfeureft  things  in  na- 
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ture,  to  fubftantial  forms,  real  qualities,  fympathy,  antipathy,  &c, 
which  need  not,  and  perhaps  cannot  be  clearly  underftood  ; and  thence 
prefumes  that  he  underftands  every  thing,  and  that  thofe  things  muft  be 
falfe,  or  impoflible,  which  agree  not  with  his  philofophy  ; yet  a fober  and 
experienc’d  naturalift,  who  knows  v/hat  difficulties  remain  unfurmounted 
in  the  conception  and  explanations  even  of  things  corporeal,  will  not,  by 
a lazy  or  arrogant  prefumption  that  his  knowledge  about  things  fuperna- 
tural  is  already  fufficient,  be  induced  to  reject  or  to  negleCt  any  informa- 
tion that  may  increafe  it. 

And  this  frame  of  mind  is  a very  happy  one  for  a ffudent  in  reveal’d 
religion,  where  cautioufnefs  is  not  more  neceflary  for  the  avoiding  of  er- 
rors, than  docility  is  advantageous  in  learning  of  truth  ; fince  the  know- 
ledge and  goodnefs  of  the  divine  teacher  is  fuch,  that  a fcholar,  to  improve 
his  intellect,  needs  but  bring  a mind  fitted  to  receive  the  genuine  informa- 
tions that  are  moll  liberally  offer’d,  and  will  never  deceive  him  who  em- 
ploys a due  care  not  to  miftake  the  meaning  of  them. 

A well-cultivated  converfation  with  the  works  of  God,  brings  a man  to 
difcover,  from  time  to  time,  fo  many  things  to  be  feafible,  or  true,  which, 
whilft  he  argued  but  upon  the  fhallow  grounds  of  uninform’d  reafon,  he 
judg’d  falfe,  or  unpraCticable  •,  that  by  degrees  he  acquires  a habit  of  re- 
ceiving fome  forts  of  opinions,  and  efpecially  thofe  that  feem  unfavourable 
to  religion,  with  a difpofition  to  reform  or  difcard  them,  upon  further  in- 
formation. And  this,  as  he  is  refolv’d  to  fubmit  to,  in  cafe  he  meets  with 
it,  fo  he  is  difpos’d  to  receive  it,  by  having  often  found  himfelf  obliged, 
upon  fubfequent  information,  to  mend,  or  lay  afide  his  former  opinions, 
tho’  very  agreeable  to  the  beft  light  he  had  to  judge  by  when  he  entertain’d 
them.  Thus,  tho’  it  feems  a vifible  truth  that  the  difc  of  Venus  is,  in  all 
refpetts  to  the  fun,  totally  luminous  ; yet,  when  the  telefcope  difcovers 
her  to  have  her  full  and  her  wane,  like  the  moon,  he  will  believe  this  fur- 
ther obfervation,  againft  the  firft,  made  with  his  naked  eyes. 

And,  indeed,  I have  fometimes  dbubted,  whether  to  be  vers’d  in  ma- 
thematics, and  other  demonftrative  parts  of  philofophy,  brings  a greater 
advantage  to  the  mind,  by  accuftoming  and  affifting  it  ftrictly  to  examine 
things  propofed  for  truths,  and  ftrongly  to  evince  the  truths  a man  knows, 
to  others ; than  by  fitting  him  to  difcern  the  force  of  a good  argument,  and 
fubmit  willingly  to  truths  clearly  proved,  how  little  foever  he  may  have 
expe&ed  to  find  fuch  conclufions  true.  ’Twill  not  be  difficult  to  apply 
thele  reflections  to  our  prefent  purpofe,  fince  there  are  feveral  paflages  in 
the  fcripture  that  fufficiently  declare,  both  that  multitudes  perfill  in  a cri- 
minal infidelity,  out  of  a fond  conceit  of  their  own  knowledge,  and  a readi- 
nefs  to  be  fway’d  rather  by  ftrong  prejudices,  than  by  the  ftrongeft  argu- 
ments that  would  remove  them  ; and  that  docility  is  a very  happy  difpofi- 
tion to  the  entertainment  of  reveal’d  religion.  And  this  qualification  will  be 
the  more  eafily  found  in  our  virtuofo,  becaufe  tho’  the  things  about  which 
he  has  long  been  fenfible  of  his  ignorance,  or  defires  further  inftru&ion,  are 
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within  the  fphere  of  nature,  and  the  jurifdiCfion  of  philofophy  ; many  of  Physics. 
the  things  which  reveal’d  religion  declares,  are  fo  fublime  and  abftrufe,  that  L/YV 
they  may  well  be  look’d  upon  as  of  an  higher  order  than  merely  phyfical 
ones,  and  therefore  cannot  be  fatisfa&orily  reach’d  by  the  mere  light  of 
nature.  ’Tis  true,  our  philofopher  will  examine  more  ffriClly  than  ordi- 
nary men,  the  proofs  brought  for  this  or  that  propofed  revelation  •,  but 
that  is  no  difadvantage  to  a fupernatural  religion,  fuch  as  the  chriftian,  if 
it  be  true:  and  the  real  truth  about  religion  itfelf  does  not  require  credu- 
lity, but  only  docility.  If  a piece  of  coin,  that  paffes  for  true  gold,  be 
offer’d  to  an  ordinary  man,  and  to  a skilful  refiner,  the  latter  will  indeed 
examine  it  more  ftri&ly,  and  not  acquiefce  in  the  ftamp,  the  colour,  the 
found,  and  other  obvious  marks,  that  may  fatisfy  a ffiop-keeper,  or  a 
merchant*,  yet,  when  he  has  try’d  it  by  the  feverer  ways  of  examining, 
fuch  as  the  touch-ftone,  the  cupel,  Aqua  forth , &c.  and  finds  it  to  hold 
good  in  thofe  proofs,  he  will  readily  and  frankly  acknowledge  that  ’tis 
true  gold,  and  be  more  thoroughly  convinc’d  of  it  than  the  other  perfon  *, 
whofe  want  of  skill  will  make  him  ff  ill  apt  to  retain  a diftruft,  and  render 
him,  indeed,  more  eafy  to  be  perfuaded,  but  more  difficult  to  be  fully  fa- 
tisfy’d.  Thus,  tho’  our  virtuofo  will  examine  with  more  ffriCtnefs  and 
skill  than  ordinary  men  are  able,  miracles,  prophecies,  or  other  proofs, 
faid  to  be  fupernatural,  that  are  alledg’d  to  evince  a reveal’d  religion  ; yet 
if  the  certain  and  genuine  characters  of  truth  appear  in  them,  he  will  be 
more  thoroughly  convinc’d  of  it,  than  a lefs  skilful  man,  whofe  want  of 
good  criteria,  and  found  judgment,  incline  him  to  be  diffident,  and  to  be 
ftill  afraid  of  having  been  impofed  on. 

I expeCt  it  will  be  here  objected,  that  I degrade  the  human  underftand- 
ing,  by  afcribing  fo  much  to  experience,  natural  or  fupernatural,  that  it 
has  left  nothingfor  reafon  to  do,  but  fervilely  to  obey. 

This  objection,  indeed,  is  plaufible;  yet  the  anfwer  to  it  will  not  be 
very  difficult,  if  the  matter  itfelf  be  duly  confider’d,  and  reafon  be  brought 
to  aCt,  not  as  an  interefted  party,  but  an  unbyafs’d  judge. 

For  we  have  already  fhewn,  that  rational  philofophers  fcruplenotto 
alter  or  renounce  the  opinions  which  fpecious  reafons  had  fuggefted  to 
them,  when  once  they  either  find  thofe  opinions  contradicted  by  expe- 
rience, or  meet  with  other  opinions  more  conformable  to  it.  And  Ariflotle 
him  lei  f,  tho’  he  be  accufed  of  having  wrefted  phyfics  to  logical  and  me- 
taphyfical  fancies,  confefies,  not  only  that  in  the  fcience  of  nature,  reafon 
ought  to  comport  with  the  phenomena,  and  the  phenomena  with  reafon  ; 
but  that  to  adhere  to  plaufible  reafonings,  and  negleCt  fenfible  obferva- 
tions,  is  a weaknefs  or  difeafe  of  the  mind.  And  whether  the  underftand- 
ing  be,  as  Ariftotle  taught,  like  blank  paper,  and  receives  no  knowledge  but 
what  has  been  convey’d  to  it  thro*  the  fenfes  y or  whether  the  notions 
are  congenite  with  the  underftanding,  or  fo  eafily  and  early  acquired  by 
it,  as  to  appear  innate  *,  they  are  but  very  few,  in  comparifon  of  thofe 
that  are  requifite  to  judge  aright  about  any  one  thing,  that  occurs  either 
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in  natural  philofophy,  or  theology.  For,  in  the  divine  nature,  power, 
wildom,  and  ocher  attributes,  there  is  an  exuberance  that  has  produced 
numberlefs  contrivances,  laws,  and  other  things,  which  exceedingly  furpafs 
both  the  number  and  variety  that  the  dim  and  limited  intelled  of  man  could 
reach  to,  by  framing,  and  compounding  ideas,  without  the  aftiftance  of 
the  patterns  afforded  by  the  works  and  declarations  of  God. 

On  account  of  the  fame  prerogative  of  the  divine  knowledge,  it  mufl 
fiequently  happen,  that  the  notions  and  opinions  men  take  up  of  the  works 
and  mind  of  God,  upon  the  mere  fuggeflions  of  abftradl  reafon  ; will  not 
only  be  almoft  conflantly  very  deficient,  but  often  very  erroneous.  Of 
this^we  fee  evident  proofs  in  many  opinions  of  the  old  philofophers  5 who, 
tho’  men  of  ftrong  natural  parts,  were  m if- led,  by  what  they  miflook 
for  reafon,  to  maintain  fuch  things  about  the  works,  and  the  author  of 
nature,  as  we,  who,  by  the  favour  of  experience  and  revelation,  fland  in 
a much  clearer  light,  know  to  be  falfe,  and  often  juflly  think  utterly  ex- 
travagant. 7 

Abftradl  reafon  is  a narrow  thing,  and  reaches  but  to  a very  fmall  (hare 
of  the  knowable  truths,  whether  human  or  divine  * which  may  be  obtain’d 
by  the  help  of  further  experience,  and  fupernatural  revelation.  This 
reafon,  furnifh’d  with  no  other  notices  than  it  can  fupply  itfelf  with,  is 
fo  (hallow  and  deceitful,  that  he  who  feeks  for  knowledge  only  within 
himfelf,  fhall  be  fure  to  be  quite  ignorant  of  far  the  greateft  part  of 
things  ; and  will  fcarce  efcape  being  miflaken  about  a large  part  of  thofe 
he  thinks  he  knows. 

I am  fai  from  intending  to  deny  reafon  any  of  its  juft  prerogatives  ; 
experience  itfelf  is  but  an  aftiftant  to  reafon,  and  fupplies  informations  to 
the  underftanding  •,  which  ftill  remains  thejudge,  and  has  the  power,  or 
right,  to  examine,  and  make  ufe  of  the  teftimonies  that  are  prefented  to 
it.  The  outward  fenfes  are  but  the  inftruments  of  the  foul,  which  hears 
by  the  intervention  of  the.  ear,  and  in  refpedl  of  which,  the  eye  itfelf  is 
but  a more  immediate  optical  tube  ; and  the  fenfe  does  but  perceive  ob- 
jedts,  not  judge  of  them.  Nor  do  the  more  wary  among  the  philofophers 
truft  their  eye,  to  teach  them  the  nature  of  thevifible  objedl ; but  only  em- 
ploy it  to  perceive  the  phenomena  it  exhibits,  and  the  changes  that  happen 
to  itfelf  by  the  adtion  of  it.  ’Tis  confefs’d  too,  that  the  fenfes  may  de- 
ceive us,  if  the  requifttes  of  fenfation  be  wanting  •,  as,  when  a fquare 
tower  appears  round  at  a diftance,  and  a ftrait  ftick,  half  in  the  water, 
appears  crooked : ’tis,  therefore,  the  part  of  reafon,  not  fenfe,  to  judge 
whether  none  of  the  requifites  of  fenfation  be  wanting;  which,  by  the 
way,  often  requires,  not  only  reafon,  but  philofophy  : and  then,  alfo,  ’tis 
the  part  of  reafon  to  judge  what  conclufions  may,  and  what  cannot’,  be 
fafely  grounded  on  the  informations  of  the  fenfes,  and  the  teftimony  of 
experience.  So  that,  when  we  fay,  experience  corredts  reafon,  ’tisan  im- 
properway of  fpeaking  ; fince  ’tis  reafon  itfelf,  that,  upon  the  information 
of  experience,  corredts  the  judgment  it  had  made  before. 
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To  illuftrate  the  ufe  of  reafon,  Jet  us  fuppofe  an  able  judge  coming  to  Physics. 
hear,  and  decide  caufes,  in  a ftrange  country  ; ’tis  plain,  that  the  general 
notions  he  brings  with  him,  and  the  dictates  ofjuftice  and  equity,  can  give 
him  but  a very  Ihort  and  imperfed  knowledge  of  many  things,  lhat  are 
requifiteto  frame  a right  judgment  about  the  cafes  which  will  firft  be 
brought  before  him  ; and,  ’till  he  has  heard  the  witnefles,  he  may  be  very 
apt  to  fall  into  prejudiced  opinions  of  things  : but,  when  an  authentic 
and  fufficient  teftimony  has  clear’d  matters  to  him,  he  then  pronounces, 
according  to  the  light  of  reafon  he  is  mafter  of  v to  which  the  witnefles  did 
but  give  information  ; tho’  that  fubfequent  information  may  have  obliged 
him  to  lay  afide  fome  prejudices  he  had  entertain’d  before  he  receiv’d  it. 

And,  what  is  faid  of  natural  experience,  with  regard  to  the  underftanding, 
may,  with  due  alteration,  be  apply ’d  to  fupernatural  revelation : for  here, 
alfo,  the  underftanding  is  to  examine,  whether  the  teftimony  be  indeed  di- 
vine ; and  whether  a divine  teftimony  ought  to  be  believ’d,  in  what  it 
clearly  teaches.  I do  not,  therefore,  degrade  reafon  from  the  dignity  that 
belongs  to  it,  of  perceiving,  and  judging  •,  tho’ it  be  obliged,  by  its  own 
didates,  to  take  in  all  the  afiiftance  it  can  from  experience,  whether  na- 
tural, or  fupernatural  ; and  by  the  fuller  accounts  of  things  it  receives 
from  thofe  informations,  to  redify,  if  need  be,  its  former  lefs  mature 
judgment. 

Infhort,  thofe  who  cry  up  abftrad  reafon,  as  if  it  were  felf-fufficient, 
exalt  it  in  words ; but  we  who  addrefs  reafon  to  phyficaland  theological 
experience,  and  dired  it  how  to  confult  both,  and  take  its  informations 
from  thence,  exalt  it  in  effed  : and  reafon  is  much  lefs  ufefully  ferv’d  by 
the  former  fort  of  men,  than  by  the  latter  j fince,  whilft  thofe  do  but 
flatter  it,  thefe  take  the  right  way  to  improve  it. 


THE 


(■264  ) 


5^  ■ ^ I S with  indignation  and  wonder  that  I hear  many  men,  and 
fome  of  them  divines  too,  who,  little  confidering  what  God 
I is,  and  what  themfelves  are,  talk  of  him  and  his  attributes 

JL  as  freely,  and  as  unpremeditately,  as  they  would  of  a geome- 

trical figure,  or  a mechanical  engine.  And  even  the  lefs  prefumptuous 
frequently  difcourfe,  as  if  the  nature  and  perfections  of  that  unparallel’d 
Being  were  obje&s  their  intellects  could  grafp  *,  and  fcruple  not  to  dogma- 
tize about  thofe  abftrufe  fubjeCts  as  freely  as  about  other  things,  that  are 
confelfedly  within  the  reach  of  human  reafon. 

Yet  God  may  have  feveral  attributes  and  perfections  utterly  unknown  to 
us  ; and  of  thofe  attributes  whereof  we  have  fome  knowledge,  there  are 
effeCts  and  properties,  whofe  fublimity  or  abftrufenefs  furpaffing  our  com- 
prehenfion,  makes  the  divine  caufe,  or  author  of  them,  deferve  our  high- 
eft  wonder  and  veneration. 

As  there  are  two  chief  ways  to  arrive  at  the  knowledge  of  God’s  attri- 
butes, the  contemplation  of  his  works,  and  the  ftudy  of  his  word  ; it 
may  be  doubted  whether  either,  or  both  of  thefe,  will  fuffice  to  acquaint 
us  with  all  his  perfections. 

For  tho*  philofophers  have  rationally  deduced  the  power,  wifdom,  and 
goodnefs  of  God,  from  thofe  marks  of  them  which  he  hath  flampt  upon 
many  of  his  vifible  works ; yet,  fince  the  divine  attributes  which  the  crea- 
tures point  at,  are  thofe  whereof  themfelves  have  fome  participation,  or 
refemblance  j and  fince  the  fertility  of  the  divine  nature  is  fuch,  that  its 

ex- 
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excellencies  may  be  participated,  or  reprefented  many  ways  *,  how  can  we  Physics. 
be  Aire,  but  fo  perfect,  and  exuberant  a Being,  has  excellencies  not  ex-  v/W 
prefled  in  the  vifible  world,  or  any  of  its  known  parts? 

Some  of  thofe  divine  attributes  we  know,  being  relative  to  the  crea  .God  may  have 
tures,  could  fcarce  be  difeover’d  by  fuch  imperfeCt  intellects  as  ours,  but  fates* and 'per- 
from  confidering  fome  things  actually  done  by  God.  Thus,  fuppofing ,feaionsun- 
before  the  foundations  of  the  vifible  world  were  laid,  the  angels  had  no  known  tons. 
more  knowledge  than  men  *,  they  could  fcarce  imagine  in  God  a power  of 
creating  matter,  and  of  producing  local  motion  in  it : much  lefs  could  they 
have  known  how  the  rational  foul,  and  human  body  aCt  upon  one  another. 

Whence  it  feems  probable,  that  if  God  hath  made  other  fyftems  than  that 
wherein  we  live  ( and  who  can  afiure  us,  he  hath  not  ? ) he  may  have 
difplayed  in  fome  of  the  creatures  that  compofe  them,  feveral  attributes 
that  we  have  not  difeover’d  by  the  help  of  thofe  works  of  his  wherewith 
we  are  acquainted. 

I readily  grant,  that  the  revelations  God  hath  vouchfafed  us,  have 
clearly  taught  us  feveral  things  concerning  their  adorable  author,  which 
the  mere  light  of  nature  either  would  not  have  fhewn,  or  but  very  dimly 
difeover’d.  Yet  the  feripture  itfelfinforms  us,  that  in  this  life  “ we  know 
but  in  part,  and  fee  things  but  darkly  and  that  we  are  fo  far  from  being 
able  “ to  find  out^God  to  perfection,”  that  even  the  ways  of  his  provi- 
dence are  to  us  unfearchable.  Hence  God  may  have  attributes  unknown 
to  us. 

But  it  may  be  alledged,  that,  befides  the  two  ways  mentioned ofattaining 
the  knowledge  of  God’s  attributes  5 there  may  be  a third  preferable  to  both 
the  others,  by  confidering  the  idea  of  a Being  fupremely,  ordnfinitely  per- 
fect *,  in  which  idea,  all  pofiible  perfections  may  befaid  to  be  contained  ; fo 
that  no  new  one  can  be  added  to  it.  And,  indeed,  I readily  grant,  that  this 
idea  is  the  molt  genuine  I am  able  to  frame  of  the  Deity  ; yet  there  may  be 
feveral  attributes,  which,  tho’  in  a general  way  contain’d  in  this  idea,  are 
not,  in  particular,  difeovered  to  us  thereby.  ’Tis  true,  that  when,  by 
whatever  means,  any  divine  perfection  comes  to  our  knowledge,  we  may 
well  conclude,  ’tis,  in  a fenfe,  comprized  in  the  comprehenfive  notion  we 
have  ofa  Being  abfolutely  perfeCt  *,  tho’,  ’tis  poflible,  that  perfection  would 
never  have  come  to  our  knowledge  by  the  bare  contemplation  of  that  ge- 
neral idea,  but  was  fuggefted  by  particulars ; whence  fuch  difeoveries  are 
not  lo  much  derived  from,  as  refer’d  to  the  notion  we  are  fpeaking  of. 

Thefeconfiderations  perfuade  me,  that  God  may  have,  not  only  various 
attributes,  but  various  excellencies  and  perfections,  unknown  to  us.  And, 
farther,  many  of  the  attributes  we  know  he  hath,  we  have  but  an  imper- 
fect knowledge  ofepfpecialjy  if  compared  with  his  *,  fpr  he  poflfeftes  them  in 
a manner  peculiar  to  himfelf,  and  far  tranfeending  that  wherein  menpoflfefs 
fome  faint  refemblances  of  them. 

The  power  ancj  wifdom  of  God  are  difplay’d  both  in  his  corporeal,  and 
.his  incorporeal  creatures. " 

Vol.  II.  Mm  Among 
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Physics.  Among  the  manifold  effedts  of  the  divine  power,  I fhall  mention  only 
^-/VV  two  ; which,  tho’  often  very  manifeft,  are  not  very  attentively  reflected 
Wvinefozver  on  ’ ^ ^mmen^e  quantity  of  corporeal  fubftance  that  the  divine  power- 
°Wer'  provided  for  the  framing  of  the  univerfe ; and  the  great  force  of  the  local 
motion  imparted  to  it,  and  regulated  in  it. 

Thevaft  mag-  The  vaftnefs  of  that  huge  mafs  of  matter,  whereof  the  corporeal  world 
nwholefnatle  con^S3  cannot  but  appear  ftupendous  to  thofe  who  skilfully  confider  it. 
rial 6 world'.  That  part  of  theuniverfe,  which  has  been  already  difcover’d  by  human 
eyes,  affifted  with  dioptrical  glades,  is  almoft  inconceivably  vaft.  The 
fix’d  ftars  of  the  firft  magnitude,  that  to  vulgar  eyes  look  but  like  fhining 
fpangles,  are  by  aftronomers  affirm’d  to  exceed,  each  of  them,  above  a 
hundred  times  the  whole  globe  of  the  earth  in  magnitude  : and  as  little  as 
thefe  ftars  feem  to  our  naked  eyes,  they  appear  much  lefs  thro* **  our  tele- 
fcopes; which  taking  off  the  falfe  glittering  that  makes  them  look  as  they 
are  painted,  fhew  them  little  other  than  phyfical  points  of  light.  And 
the  fun,  which  is  granted  to  be  fome  millions  of  miles  nearer  to  us  than  the 
other  fix’d  ftars;  tho’  it  feem  at  this  lefs  diftance  not  to  be  half  afoot 
broad  ; is  by  the  generality  of  mathematicians  allow’d  to  be  eight  or  ten 
thoufand  times  as  big  as  the  terraqueous  globe.  And  it  plainly  appears  by 
the  parallaxes  and  other  proofs,  that  the  globe  of  earth  and  water  we  in- 
habit, tho*  it  be  divided  into  fo  many  great  empires,  and  kingdoms,  and 
feas  ; and  tho’,  according  to  the  received  opinion,  it  be  5400  German  leagues 
in  circumference,  and  confequently  its  folid  content  10,882,080,000  cubic 
miles ; yet  this  globe  is  fo  far  from  being,  for  its  bulk,  a confiderable  part 
of  the  univerfe,  that  ’tis  in  comparifon  thereof  but  a phyfical  point.  Nay, 
thofe  far  greater  globes,  the  fun  and  fix’d  ftars,  and  all  the  folid  mafles  of 
the  world,  if  reduced  into  one,  would,  perhaps,  bear  a lefs  proportion  to 
the  fluid  part  of  the  univerfe,  than  a nut  to  the  ocean.  And  as  an  excellent 
modern  aftronomer  oblerves,  all  the  ftars,  crowded  into  one  body,  would, 
at  a fit  diftance,  appear  no  bigger  than  a ftar  of  the  firft  magnitude.  After 
all,  I have  hitherto  fpoke  but  of  that  part  of  the  corporeal  univerfe  already 
l'eenbyus:  I muft  therefore  add,  that  as  vaft  as  this  is,  yet  all  that  the 
eye,  even  when  powerfully  affifted  by  telefcopes,  hath  difcovered,  is  far 
from  reprefenting  the  world  of  fo  great  an  extent,  as  more  perfeft  glades 
will  do  hereafter.  And  even  then  the  vifible  part  of  the  world  will  be  far 
from  reaching  to  the  bounds  of  the  univerfe*. 

From 


* “ The  fyftem  of  the  world  is  now” 
fays  Dr.  Halley  “ underftood  to  occu- 
“ py  the  whole  abyfs  of  fpace,  and  con* 
“ fequently  to  be  actually  infinite ; and 
“ fmaller  fix’d  liars  being  Hill  difcover- 

**  able,  as  more  perfect  telefcopes  are 
i(  employ’d,  feems  to  confirm  this  do 
“ ftrine.  Were  the  whole  fyllem  finite, 
“ it  would,  tho’  ever  fo  extended,  flill 


“ occupy  no  part  of  the  Infinitum  of 
“ fpace,  which  neceflarily  and  evident- 
“ ly  exifls ; whence  the  whole  would 
“ be  furrounded  with  an  infinite  Inane ; 
“ and  the  fuperficial  ftars  would  gravi- 
“ tate  towards  thofe  near  the  centre, 
“ and  with  an  accelerated  motion  run 
“ into  them,  and  in  procefs  of  time  u- 
“ nite  into  one.  But  if  the  whole  be 

“ infi- 
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From  the  vaft  extent  of  the  univerfe,  I proceed  to  confider  the  ftupen-  Physics. 
dous  quantity  of  motion  that  the  divine  power  has  given  the  parts  of  it,  L/W ' 
and  continually  maintains  in  it.  Of  this  we  may  make  an  eftimate,  by  The  prodigious 
confidering  with  what  velocity  fome  of  the  greater  bodies  are  moved,  and  Yi on  given  m 
how  large  a part  of  the  remaining  bodies  of  the  univerfe  is  alfo  endow’d  thereto,  and 
with  motion.  maintain'd 

The  lead  velocity  I fhall  mention,  is  that  afforded  by  the  Coper  me  an  hy  Jb*retn' 
pothefis,  according  to  which,  the  earth  revolves  from  weft  to  eaft,  about 
its  own  axis,  in  four  and  twenty  hours  ; yet  this  terraqueous  globe,  which 
We  think  fo  great  that  we  commonly  call  it  the  world,  moves  at  fuch  a 
rate,  that,  as  the  learned  Gajfendus  computes,  a point  fituated  in  the  equa- 
tor of  it  moves  about  twelve  hundred  feet  in  a fecond  minute:  fo  that  a 
bullet  fhot  out  of  a canon  fcarce  flies  fo  fwift. 

But  this  velocity  is  fcarce  comparable  to  that  of  the  fix’d  ftars,  if  we 
fuppofe  them  to  move  in  four  and  twenty  hours  about  the  earth.  For  fup- 
pofing  the  diftance  affign’d  by  Tycho  between  us  and  the  firmament  to  be 
feven  thoufand  diameters  of  the  earth  ; a fix’d  ftar  in  the  equator  moves, 
as  Mullerius  calculates,  3,153,333  miles  in  an  hour,  and  confequently 
52,555  in  a minute,  and  875  in  a fecond  ; that  is,  three  thoufand  times 
fafter  than  a canon-bullet  fhot  into  the  air.  ’Tis  true,  that  according  to 
the  Ptolemaic  hypothefis,  a fix’d  ftar  in  the  equator  moves,  at  moft,  but 
three  femidiameters  of  the  earth  in  a fecond  ; but,  according  to  Ricciolus , 
this  velocity  is  fifty  times  greater  than  in  the  Ptolemaic  hypothefis,  and 
threefcore  and  ten  times  greater  than  in  the  Tychonian  : for,  according  to 
him,  fuch  a fix’d  ftar  as  we  fpeak  of  moves  629,128  Englijh  miles  in  a fe- 
cond. 

But  farther,  that  portion  of  the  univerfe,  which,  tho’  put  into  motion,  is 
commonly  fuppofed  to  be  at  reft,  is  fo  great,  that  perhaps  the  quantity  of 
motion  diftributed  among  feemingly  quiefeent  bodies,  may  exceed  the  quan- 
tity of  motion  which  the  firft  mover  has  communicated  to  the  fix’d  ftars,tho’ 
we  fuppofe  them  whirl’d  about  the  earth  with  that  ftupendous  fwiftnefs,  the 


“ infinite,  all  the  parts  of  it  would  be  near- 
“ ly  in  eequilibrio ; whence  each  fix’d  ftar, 
“ being  attracted  by  contrary  powers, would 
“ keep  its  place,  or  move  till  from  fuch  an 
“ equilibrium  it  comes  to  reft.  ’Tis  no 
li  more  abfurd,  that  the  fix’d  ftars  Ihould 
“ exceed  any  given  number,  than  that  du- 
“ ration  Ihould  be  eternal,  becaufe  no  num- 
4‘  ber  of  days  or  years  can  complete  it. 
“ ’Tis  faid,  I know,  that  if  the  number 
“ of  the  fix’d  ftars  were  more  than  finite, 
“ the  whole  furface  of  their  apparent  fphere 
**  would  be  luminous.  But  if  we  fuppofe 
*c  all  the  fix’d  ftars  to  be  as  far  from  one  a- 
“ nother,  as  the  nearell  of  them  is  from 
“ the  fun  ; that  is,  if  we  may  fuppofe  the 
5‘  fun  to  be  one  of  them  ; at  a greater  di- 


“ ftance,  their  disks  and  light  will  be  di- 
“ minilh’d,  and  the  fpace  to  contain  them 
“ increafed,in  the  proportion  of  the  fquares : 
“ fo  that  in  each  fpherical  furface  the  num- 
“ ber  of  ftars  it  might  contain,  will  be  as 
“ the  biquadrate  of  their  diftances.  If  then, 
“ as  it  needs  muft,  the  diftances  be  ina- 
“ menfely  great,  it  will  follow,  that  as  the 
“ light  of  the  fix’d  ftars  diminilhes,  the  in- 
**  tervals  between  them  decreafe  in  a lefs 
“ proportion;  the  one  being  as  the  diftan- 
“ ces,  the  other  as  the  fquares  thereof,  re- 
“ ciprocally.  And  the  more  remote  ftars 
are  fo  fmall,  that  they  muft  vanilh,  even 
“ in  the  moft  exquifite  telefcopes  ; as  a 
“ fmall  telefcopic  ftar  is  invifible  to  the  na- 
“ ked  eye.”  Pbilof.  Tranf.  N°  364.  p.  zz» 


fyftems 
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fyftems  of  Ptolemy  and  Tycho  fuppofe.  For  the  fix’d  ftars,  planets,  or  all 
the  mundane  globes,  whether  lucid  or  opake,  together  bear  but  a fmall 
proportion  to  the  interftellar  part  of  the  univerfe.  And  tho’  I fhould  al- 
low all  thefe  globes  to  be  folid,  yet  it  mud  be  confefs’d  that  each  of  them 
fwims  in  a fluid  of  much  greater  extent  than  itfelf.  So  that  the  fluid  por- 
tion of  the  univerfe  will,  in  bulk,  almoft  incomparably  exceed  the  folid. 
And  if  we  confider  the  nature  of  a fluid  body,  we  fhall  find  it  confift  in 
having  its  minute  parts  perpetually  and  varioufly  moved  ; fo  that  tho’  the 
whole  body  of  a liquor  feems  to  be  at  reft,  yet  its  component  parts  are  in 
a perpetual  motion,  continually  fhifting  places  amongft  themfelves. 

And  becaufe  the  quantity  of  motion  fhared  by  the  corpufcles  that  com- 
pofe  fluids,  is  not  ufually  reflected  on  by  philosophers  ; I fhall  add,  that 
we  may  guefs  how  great  and  vehement  a motion  there  may  be  in  the  parts 
of  fluid  bodies,  perhaps,  when  the  aggregates  of  thofe  particles  appear  to 
be  at  reft,  by  obferving  them  when  their  ordinary  motions  happen  to  be 
difturb’d,  or  to  be  extraordinarily  excited  by  fit  conjunctures  of  circum- 
ftances.  Thus  we  fee  the  ftrange  force  and  effedts  of  boifterous  winds  and 
whirl-winds,  which  are  but  ftreams  and  whirl-pools  of  the  invifible  air, 
whofe  fingly  infenfible  parts  are  by  accidental  caufes  determined  to  have 
their  motion  made  either  in  a ftrait  line,  or  as  it  were  about  a common 
centre.  Thus  when  a mine  of  gun-powder  is  fprung,  the  flame,  or  fome 
fubtile  ethereal  fubftance,  that  is  always  at  hand  in  the  air,  tho’  both  are 
fluids,  and  the  powder  perhaps  be  kindled  but  by  one  fpark  of  fire,  in- 
ftantly’exerts  a moft  rapid  and  furious  motion. 

The  velocity  of  thefe  difcharged  flames  may  appear  from  that  which 
gun-powder  imprefles  on  a bullet,  fhot  out  of  a well-charg’d  gun  ; and  this 
Merfennus , after  feveral  trials  made  to  meafure  it,  defines  to  be  about  450 
feet  in  a fecond.  If  then  we  admit  the  probable  opinion  of  the  Cartefians , 
that  the  earth  and  planets  are  turn’d  about  their  own  axes  by  the  motion  of 
the  refpedtive  ethereal  vortices  in  which  they  fwim  ; we  fhall  eafily  grant, 
that  the  motion  of  the  celeftial  matter,  which  moves,  for  inftance,  upon  the 
remote  confines  of  the  earth’s  vortex,  is  by  a vaft  excefs  more  rapid  than 
that  of  the  furface  of  the  earth.  But  if  we  chufe  the  Tychomc  hypothefis, 
which  makes  the  firmament,  with  all  the  vaft  globes  of  light  that  adorn 
it,  to  move  about  their  common  centre  in  four  and  twenty  hours,  the  mo- 
tions of  the  celeftial  matter  muft  be  allow’d  a far  greater,  and  indeed  a 
fcarce  imaginable  rapidity. 

Hence  we  may  have  more  enlarg’d  conceptions  of  the  power  and  wifdom 
of  the  great  Creator,  who  has  both  put  fo  wonderful  a quantity  of  motion  in- 
to the  univerfal  matter,  maintains  it  therein,  and  is  able  not  only  to  let 
bounds  to  the  raging  fea,  but  fo  to  curb  and  moderate  thofe  ftupendoufly 
rapid  motionsof  the  mundane  globes  and  intercurrent  fluids,  that  neither  the 
unweildinefsof  their  bulk,  nor  the  celerity  of  their  motions,  have  made  them 
fly  out,  for  many  ages.  And  if  the  firmament  itfelf,  whofe  motion,  in 
the  vulgar  hypothefis,  is  by  much  the  moft  rapid  in  the  world,  fail  of  ex- 
aClly^completing  its  revolution  in  four  and  twenty  hours,  that  retardation  is 

fo 
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fo  regulated,  thatfince  Hipparchus's  time,  who  lived  above  2000  years  ago,  Physics. 
the  fird  dar  in  Aries 9 which  was  then  near  the  beginning  of  it,  is  not  yet  iw/W 
come  to  the  lad  degree  of  that  fign. 

The  wifdom  of  God  is  exprefs’d  in  two  different  manners.  Sometimes  The  wifdom  of 
it  isfo  manifedly  difplay’d  in  familiar  objects,  that  even  fuperficial  fpe&a  God  differently 
tors  may  take  notice  of  it.  But  there  are  many  other  things,  wherein  the ext>reJi 
“ treafures  of  wifdom  and  knowledge”  may  be  faid  to  lie  deep. 

The  contrivance  of  every  animal,  and  efpecially  of  a human  body,  is  In  the  various 
fo  curious  and  exquilite,  that ’tis  almod  impoflible  for  any  one,  who  has 
not  feen  a difledtion  well  made,  and  anatomically  confider’d,  to  conceive  anm'  ° es' 
how  much  excellent  workmanfhip  is  difplay'd  in  that  admirable  engine. 

Nay,  the  meaneft  living  creatures  of  God’s  making  are  far  more  wifely 
contrived,  than  the  mod:  excellent  pieces  of  workmanfhip  that  human 
heads  and  hands  can  boad.  No  watch  or  clock  is  any  way  comparable, 
for  exquifitenefs  of  mechanifm,  to  the  body  of  an  afs  or  a frog. 

But  God’s  wifdom  is  recommended  as  well  by  the  variety,  and  confe- 
quently  the  number  of  the  kinds  of  living  creatures,  as  by  the  fabric  of 
each  of  them  in  particular.  The  skill  of  human  artids  is,  for  the  moll 
part,  limited  to  one,  or  to  a few  forts  of  contrivances whilft  the  great 
author  of  nature  has  not  only  created  four  principal  forts  of  living  engines, 
beads,  birds,  fifhes,  and  reptiles,  which  differ  exceedingly  from  one  ano- 
ther, as  the  feveral  regions  or  dages  where  they  were  to  ac d their  parts,  re- 
quired they  fhould  ; but  under  each  of  thefe  comprehenfive  genus’s  are 
compriz’d  many  fubordinate  fpecies  of  animals,  which  differ  exceedingly 
from  others  of  the  fame  kind,  according  to  the  exigency  of  their  particular 
natures  •,  as  the  hog  and  the  hare,  the  parrot  and  the  batt,  the  whale  and 
thedar-fifh,  &V. 

And  what  greatly  enhances  the  excellent  contrivances  to  be  met  with 
in  thefe  automata,  is  the  fymmetry  of  all  the  various  parts  whereof  each 
of  them  confids.  For  tho’  an  animal,  confider’d  in  his  date  of  intirenefs, 
is  judly  look’d  upon  as  one  engine  *,  yet,  really,  this  whole  machine  is  a 
complex  thing,  made  up  of  feveral  parts,  which,  confider’d  feparately, 
may  pafs,  each  of  them,  for  a fubordinate  engine,  excellently  fitted  for 
fome  particular  ufe.  It  ought,  therefore,  highly  to  recommend  the  wif- 
dom of  the  great  46  former  of  all  things,”  that  he  has  fo  framed  each  par- 
ticular part  of  animals,  as  not  to  let  the  skill  bedow’d  on  that  render  the 
other  lefs  perfect : which  manifeds,  that  this  great  artid  had  the  whole  fa- 
bric under  his  eye  at  once,  and  did  at  one  view  behold  all  that  was  bed  to 
be  done,  in  order  to  compleat  the  whole  animal,  and  all  its  parts,  at  once 
whild  many  excellent  artificers,  who  can  make  a fingle  engine  very  com- 
pleat, may  not  be  able  to  make  it  a commodious  part  of  an  aggregate  of 
engines.  Thus,  tho’  feveral  can  make  pendulum-clocks  go  very  regularly 
on  fhore,  they  cannot  yet  fit  them  to  meafure  time  e'xadtly  in  a drip  at  fea. 

But  how  much  more  wonderful  than  the  drudture  of  the  grown  body, 
mud  be  the  contrivance  of  the  Semen  animatum  \ fince  all  the  future  parts, 
the  functions,  and  many  adtions  of  the  animal  to  be  produced,  mud  be 
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Physics,  durably  delineated,  and  couch’d  in  a little  portion  of  matter,  that  feems 
lVYV  homogeneous,  and  is  unqueftionably  fluid?  And  what  much  increafes  the 
wonder  is,  that  one  of  thefe  latent  impreflions,  or  powers,  namely,  the 
prolific,  is  to  lie  dormant,  perhaps,  above  thirty  or  forty  years,  and' then 
to  be  able  to  produce  many  more  fuch  engines  as  is  the  animal  itfelf. 

In  the  mutual  Another  way  whereby  God  manifefts  his  wifdom  in  his  corporeal  crea- 
ufefulnefs  of  tures,  is  their  mutual  ufefulnefs  to  one  another,  in  a relation  either  of  de- 
foe^hofbeT Pendence,  or  co-ordination.  This  ferviceablenefs  may  be  confider’d,  ei- 
C''  0 ' r'  ther  as  the  parts  of  the  animal  have  relation  to  one  another,  and  to  the 
whole  body  they  make  up  ; or  as  intire  and  diftinft  bodies,  which  have  a 
regard  to,  or  dependence  on  each  other.  To  the  firft  fort  of  utility  be- 
long the  offices  of  the  parts  of  the  body,  which  fome  of  them  exercil'e  for 
the  good  of  the  whole  ; as  the  ftomach  for  concodting  the  aliment,  the 
brain  for  fupplying  animal  fpirits,  the  kidneys  to  feparate  the  fuperfluous 
ferum  of  the  blood.  There  are  alfo  many  other  particular  parts  that  have 
a great  fubferviency  to  one  another ; and  feveral  confents  of  parts,  and 
utilities,  that  accrue  from  one  to  the  other,  are  farther  difcovered  by  dif- 
eafes  ; which  primarily  affe&ing  one  part  or  member  of  the  body,  dif- 
cover  that  another  has  a dependance  on  it,  or  a particular  relation  to  it. 
To  the  fecond  kind  of  utility  belong  thofe  parts  that  difcriminate  thefexes 
of  animals,  which  have  fuch  a relation  one  to  another  in  the  male,  and  the 
female,  that  ’tis  obvious  they  were  made  in  order  to  propagate  the  fpecies. 

It  were  endlefs  to  obferve  the  wifdom  and  goodnefs  manifeft  in  the  works 
of  creation  *,  the  fltuation  of  the  fun,  its  motion  in  the  ecliptic,  trade- 
winds,  ft  a ted  rains,  &c.  with  regard  to  the  welfare  of  men  and  other  ani- 
mals. Thus,  too,  we  fee,  that,  according  to  the  ufual  courfe  of  nature, 
lambs,  kids,  &V.  are  brought  into  the  world  at  the  fpring  of  the  year, 
when  tender  grafs,  and  other  nutritive  plants,  are  provided  for  their  food. 
The  like  may  be  obierved  in  the  production  of  filk- worms,  whofe  eggs  are 
hatch’d  when  mulberry-trees  begin  to  bud,  whereon  thefe  infedts  are  to 
feed  ; the  aliment  being  tender  whilft  the  worms  themfelves  are  fo,  and 
growing  more  ftrong  and  fubftantial  as  the  infedls  increafe  in  vigour  and 
bulk.  D 

And  inform-  I have  hitherto  taken  notice  only  of  the  productions  of  God’s  power 
™frnin  go°ther  ^ WI^om  observed  in  the  vifible  world  ; but,  perhaps,  as  the  fun,  the 
fyftemf beftdes  nedreft  fixed  ftar  t0  us,  has  a whole  fyftem  of  planets  that  move  about  him, 
the  folar.  fame  of  the  other  fixed  ftars  may  be  centres  of  other  fyftems  of  ccleftial 

globes  j fince  we  fee,  that  even  fome  planets,  determined  by  aftronomers 
to  be  much  inferior  in  bignefs  to  the  fixed  ftars,  have  other  globes,  that 
„ do,  as  it  were,  depend  on  them,  and  move  about  them  ; the  earth  has 
• the  moon  for  its  attendant  *,  Saturn  is  not  unattended  i and  Jupiter  has 
no  lefs  than  four  fatellites.  But  none  of  thefe  fecondary  planets,  that 
move  about  Saturn  and  Jupiter , are  vifible  to  the  naked  eye,  and  were, 
therefore,  unknown  to  the  aftronomers  who  liv’d  before  the  invention 
of  telefcopes.  Now  in  cafe  there  are  other  mundane  fyftems,  befides 
this  vifible  >one  of  ours , I think  it  may  be  probably  fuppofed,  that 
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God  has  given  peculiar,  and  admirable  inftances  of  his  inexhaufted  wif-  Physics. 
dom  in  the  contrivance  and  government  of  fyftems,  that,  for  ought  we  \^yv 
know,  may  be  framed  and  managed  in  a manner  quite  different  from 
what  isobferved  in  that  part  of  the  univerfe  known  to  us. 

However,  we  need  not  fly  to  imaginary  ultra-mundane  fpaces,  to  be 
convinced,  that  the  effects  of  the  power  and  wifdom  of  God  are  worthy  of 
their  caufes,  and  not  adequately  underftood  by  us  ; if,  with  fufficient  at- 
tention, weconfider  that  innumerable  multitude,  and  unfpeakable  variety 
of  bodies,  that  make  up  this  vaft  univerfe.  For  there  being  among  thefe, 
a ftupendous  number,  that  may  bejuftly  look’d  upon  as  fo  many  diftindt 
engines,  and  many  ofthem  very  complex  •,  to  know  that  all  thefe,  with  the 
reft  of  the  mundane  matter,  are  every  moment  fuftain’d,  guided,  and  go- 
vern’d, according  to  their  refpedtive  natures,  and  with  an  exadt  regard 
to  the  general  laws  of  the  univerfe  ; to  know  that  there  is  a Being,  who, 
every  where,  manages  all  things,  without  eitheraberration,  orintermiflion  ; 
is  a thing,  that  if  we  attentively  refledt  on,  ought  to  produce  in  us  great 
■wonder,  and  adoration. 

The  Epicureans  of  old  did,  with  fome  colour  of  reafon,  urge  againft 
the  belief  of  a divine  providence,  that  ’tis  incredible  the  gods  fhould  be 
fufficient  for  fuch  differing  and  diftradting  employments,  as,  according  to 
the  exigencies  of  nature,  to  make  the  fun  to  ffiine  in  one  place  ; the  rain  to 
fliower  down  in  another  ; the  winds  to  blow  in  a third  ; the  lightning  to 
flafh  in  a fourth;  the  thunder-bolts  to  fall  in  a fifth  ; and  other  bodies  to 
adt  and  fluffier,  according  to  their  refpedfivenatures.  We,  therefore,  who, 
upon  good  grounds,  believe  God  really  does  what  they  thought  impoflible, 
are  much  wanting  in  our  duty,  if  we  do  not  admire  an  all-pervading  wif- 
dom, that  reaches  to  the  utmoft  extent  of  the  univerfe;  and,  with  eafe, 
adtually  performs  what  thefe  philofophers  profefs’d  they  could  not  fo  much 
as  conceive. 

We  have  feen  God’s  wifdom  and  power  in  his  corporeal  works;  but  still  greater 
fome  of  the  divine  perfedtions  could  not  be  fo  well  exprefs’d,  or  copied,  inftances  of 
upon  corporeal  creatures,  as  upon  the  rational  and  immaterial  foul  °f ^rjorn^in 
man,  and  other  intelledfual  Beings  : as  the  pidture  of  a plain  Ample  thing  tjpe for*mation 
is  not  capable  of  receiving,  or  containing,  fo  much  ofan  excellent  painter’s  and  gov  em- 
skill,  as  he  could  exhibit  in  a piece  wherein  the  pafilons  of  the  mind,  and  ment  °f  im~ 
the  laws  of  optics,  £5 ?c.  may  be  fully  exprefs’d.  And  it  may  well  be 
prefumed,  that  if  we  were  as  familiarly  acquainted  with  God’s  incorpo- 
real creatures,  as  with  his  vifible  ones  ; we  fhould  perceive,  that  as  fpirits 
are  incomparably  more  noble  than  bodies  ; fo  the  divine  wifdom  employ’d 
in  the  government  and  condudt  of  them,  is  more  glorious  than  that  which 
we  juftly  admire  in  the  condudtof  his  corporeal  works.  And,  indeed,  let 
a portion  of  matter  be  ever  fo  fine,  and  ever  fo  well  contrived,  it  will 
not  be  more  than  an  engine  deftitute  of  underftanding  and  will ; and 
whofe  excellency,  as  well  as  its  diftindtion  from  other  bodies,  even  the 
grofieft,  and  moft  imperfedt,  can  confift  but  in  mechanical  properties ; 
which  neither  excite  themfelves  into  motion,  nor  regulate  and  flop  the  mo- 
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Physics,  tion  they  once  are  in-,  whereas,  true  fpirits,  or  immaterial  fubftances, 

1,/YV  have,  by  God’s  appointment,  belonging  to  their  nature,  underftanding, 
will,  and  an  internal  principle,  both  of  acting,  and  of  arbitrarily  ceafing 
from  adtion.  And  tho’  God,  as  the  foie  creator  of  all  fubftances,  has,  and 
may  exercife,  an  abfolute  dominion  over  all  his  creatures,  as  well  imma- 
terial as  corporeal  ; yet,  fince  he  thinks  fit  to  govern  fpirits  according  to 
the  nature  he  has  given  them  -,  to  create  fuch  intelligent,  free,  and  power- 
ful Beings,  as  good  and  bad  angels  ; and  to  govern  them  on  fuch  terms, 
as  effedtually  to  make  them  inftruments  of  his  glory,  which  multitudes  of 
them  fubtily  and  obftinately  oppofe  ; requires  a wifdom  and  providence 
tranfcendingany  that  can  be  difplay’d  in  the  formation  and  management 
of  merely  corporeal  Beings.  For  inanimate  engines  may  be  contrived, 
to  adt  as  we  pleafe  ; whilll  angels,  and  human  fouls,  are  endow’d  with  a 
freedom  of  adting,  in  moft  cafes,  as  they  pleafe  themfelves.  ’Tis  far 
eafier  for  a watch-maker  to  regulate  the  motions  of  a watch,  than  the  af- 
fedtions  and  adlions  of  his  fon. 

Angels,  whether  good  or  bad,  are  very  intelligent  and  adtive  Beings ; 
and  each  of  them  is  endow’d  with  an  intelledt  capable  of  numberlefs  no- 
tions, and  degrees,  or  variations  of  knowledge-,  with  a will  capable  of 
no  lefs  numerous  adts  ; of  having  various  influences  upon  the  under- 
ftanding, and  of  being  varioufly  affedled  by  the  dictates  of  it.  So  that  each 
particular  angel,  being  fuccefli  vely  capable  of  fo  many  differing  moral  dates, 
may  be  look’d  upon,  as,  in  a manner,  a diftindt  fpecies  of  the  intelledtual 
kind.  And,  the  government  of  one  daemon,  may  be  as  difficult  a work, 
and,  confequently,  may  as  much  declare  the  wifdom  and  power  of  God, 
as  the  government  of  a whole  fpecies  of  inanimate  bodies,  whofe  nature 
determines  them  to  a ftridt  conformity  to  thofe  primordial  laws  of  motion, 
once  fettled  by  the  great  creator  ; and,  from  which,  they  have  no  wills  of 
their  own  to  make  them  fwerve. 

The  fcripture  tells  us,  that,  in  the  ceconomyof  man’s  falvation,  there  is 
fo  much  of  the  “ manifold  wifdom  of  God”  exprefs’d,  that  the  angelsthem- 
felves  defire  to  pry  into  the  myfteries  of  it.  When  our  faviour,  having  told 
hisapoftles,  that  the  day  and  hour  of  his  future  coming  was  not  then 
known  to  any,  fubjoins,  no  not  to  the  angels  of  heaven,  he  diffidently 
intimates  them  to  be  endow’d  with  excellent-knowledge,  fuperior  to  that 
of  men : which,  perhaps,  may  be  one  of  the  rcafons  why  the  fcripture  fty  les 
them  “ angels  of  light.”  Jt  alfo  teaches  us,  that  the  good  angels  are  vaftly 
numerous;  and  that,  as  they  are  of  differing  orders,  God  afligns  them 
very  differing,  and  important  employments,  both  in  heaven,  and  on  earth ; 
and,  fometimes,  fuch  as  oblige  them,  in  difcharge  of  their  refpedfcive  trufts, 
to  endeavour  the  carrying  on  of  interfering  defigns.  The  dime  fcripture, 
by  fpeaking  of  the  devil,  and  his  angels,  and  of  the  ct  great  dragon,  that 
drew  down  with  his  tail  the  third  part  of  the  ftars  from  heaven  to  earth 
and,  by  mentioning  a whole  legion  of  devils  that  poflefled  a Angle  man, 
-&c,  gives  us  ground  to  conclude,  that  there  is  a political  government  in 
the  kingdom  of  darknefs  ; that  the  monarch  of  it  is  exceeding  powerful, 

whence 


The  Vi eneration  due  to  G o 0.  273 

whence  he  is  fliled  the  Prince  of  this  world ; and  fome  of  his  officers  have  Physics. 
the  titles  of  principalities,  powers,  rulers  of  the  darknefs  of  this  world,  &c.  L/W 
that  the  fubjefts  of  it  are  exceeding  numerous  ; that  they  are  defperate 
enemies  to  God  and  men  ; that  they  are  very  falle  and  crafty  *,  and  that 
their  malice  is  active,  refllefs,  and  great.  Thefe  things  being  taught  us 
in  the  fcripture  itfelf,  we  may  rationally  luppofe,  that  if  we  were  quick- 
fighted  enough  to  difcern  the  methods  of  the  divine  wifdom  in  the  govern- 
ment of  the  angelical,  and  of  the  diabolical  worlds;  we  fhould  be  ravifhkl 
into  admiration  how  fuch  intelligent,  free,  powerful,  and  immortal  agents, 
fhould, without  violence  offer’d  to  their  natures,  be  made,  in  various  man- 
ners, to  confpire  to  fulfil  the  laws,  or,  at  leaf!:,  accomplish  the  ends  of  that 
great  theocracy,  which  not  only  reaches  to  all  kinds  of  bodies,  but  com- 
prizes the  whole  creation,  or  the  great  aggregate  of  all  the  creatures  of 
God.  And,  indeed,  to  make  the  voluntary,  and  perhaps,  the  mod  crafty 
actions  of  evil  men,  and  of  evil  fpirits,  fubfervient  to  his  wife,  and  juft 
ends,  no  lefs  recommends  the  wifdom  of  God,  than  it  would  the  skill  of 
a pilot,  to  contrive  and  fleer  a fhip,  fo  as  to  fail  to  the  defigned  port,  not  only 
with  a fide-wind,  but  with  one  that  was  quite  contrary,  and  tempefluous. 

At  that  great  decretory  Day,  when  the  whole  off-fpring  of  Adam  fhall, 
by  the  loud  voice  and  trumpet  of  the  arch-angel,  be  call’d  together  from 
the  remotefl  ages  and  mod  diflant  climates  in  the  world  ; when  the  fall’n 
angels,  and  ail  the  human  adtors  that  ever  liv’d,  fhall  appear  upon  the  flags 
at  once;  <c  when  the  dead  fhall  be  raifed,  and  the  books  fhall  be  open’d 
then  the  wifdom  of  God  will  fhine  in  its  meridian  luflre  and  full  fplendor, 
and  not  only  the  occurrences  which  relate  to  the  lives  and  actions  of  par- 
ticular perfons,  or  of  private  families,  and  other  lefs  focieties  of  men,  will 
be  there  found  not  to  have  been  overlook’d  by  the  divine  providence ; but 
the  fates  of  kingdoms  and  commonwealths,  and  the  revolutions  of  nations 
and  of  empires,  will  appear  to  have  been  order’d  and  over-ruled  by  an  in- 
comparable wifdom.  And  thofe  great  politicians,  who  thought  to  out- wit 
providence, by  their  refined  fubtilties,  fhall  find  themfelves  “ taken  in  their 
own  craftinefs;  ” fhall  have  their  deepefl  “ counfels  turn’d  intofoolifhnefs  ;** 
and  not  be  able  to  keep  the  amazed  world  from  difcovering,  that  whilfl 
they  thought  they  mofl  craftily  purfu’d  their  own  ends,  they  really  accom- 
plifh’d  thofe  of  God.  And  the  fubtile  hypocrites,  who  thought  to  make 
pretended  religion  the  inflrument  of  their  lecular  defigns,  fhall  find  thofe 
defigns  defeated,  and  made  truly  fubfervient  to  that  advancement  of  reli- 
gion, which  they,  in  reality,  never  aim’d  at. 

To  employ,  and  keep  in  order,  a very  complicated  engine,  tho’ all  the 
parts  of  it  be  inanimate,  and  deftitute  of  purpofes  and  ends  of  their  own, 
is  juflly  counted  a piece  of  skill.  And  this  task  is  more  difficult,  and, 
consequently,  recommends  the  conduct  of  the  artifl,  in  proportion  to  the 
intricacy  of  the  flruclure,  and  the  number  of  pieces  whereof  the  engine 
confifls.  How  aflonifhing,  then,  will  appear  that  wifdom  and  providence, 
which  is  able  to  guide,  and  over-rule  many  thoufand  millions  of  engines, 
endow’d  with  wills,  fo  as  to  make  them  all  be  found,  in  the  final  iflue  of 
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things,  fubfervient  to  purpofes  worthy  of  divine  providence,  holinefs, 
juftice,  goodnefs? 

In  fhort,  when  all  the  adtors  (hall  appear  at  once  upon  the  ftage  •,  when 
all  difguifes  fhall  be  ftript  off,  all  intrigues  difcovered,  all  hearts  and  de- 
figns  laid  open  ; then  to  find,  that  this  whole  amazing  opera,  that  has 
been  adting  upon  the  face  of  the  earth,  from  the  beginning  to  the  end  of 
time,  has  been  fo  contrived,  and  carried  on,  by  the  great  author  of  the 
world,  and  of  men,  that  their  innumerably  various  adtions,  and  crofs-de- 
figns,  are  brought  to  confpire  to  the  r.ccomplifhment  of  a plot  worthy  of 
God ; will  appear  an  effedt  of  fo  vaft,  and  fo  all-pervading  a wifdom,  that 
human  intelledts  will  with  admiration  confefs,  nothing  but  a divine  omni- 
fcience  could  compafs. 

In  the  redemption  of  mankind,  more  of  the  divine  attributes,  than  are 
commonly  taken  notice  of,  have  their  d iff  indt  Agencies  ; and  their  co-ope- 
ration is  fo  admirably  diredted  by  the  divine  wifdom,  that  an  apoflie  might 
very  juftly  call  it  the  “ great  myftery  of  Godlinefs.” 

But  many  divines  have  largely  treated  of  this  fubjedt ; tho’T  doubt 
whether  molt  of  them  have  not  been  more  happy  in  avoiding  errors  about 
it,  than  fuccefsful  in  unveiling  the  myfteries  couch’d  in  it.  There  are,  in 
the  great  work  of  man’s  redemption,  fome  charadters  and  footfteps  of  the 
divine  wifdom  fo  confpicuous  and  refulgent,  that  a believer,  of  mean, 
parts,  may  eafily  difcern  them.  But  there  are  alfo,  in  this  fublime  and 
comprehenfive  work,  fome  “ depths  of  God, ’’and  fo  much  of  “ the  wifdom 
of  God  in  a myftery,  that  I cannot  think  it  eafy  to  have  a mental  eye,  fo* 
enlighten’d,  and  fo  piercing,  as  to  treat  largely  and  worthily  of  fo  vaft 
and  abftrufe  a fubjedt.  And,  indeed,  a man  muft  know  much  of  the  nature 
of  fpirits  in  general,  and  even  of  the  father  of  them,  God  himfelf  ; of  the 
intelledt,  will,  &c.  of  the  foul  of  man*,  of  the  ftate  of  Adam  in  paradife,, 
and  of  the  influence  of  his  fall  upon  his  pofterity  *,  of  the  natural,  or  arbi- 
trary vindidtive  juftice  of  God  ; of  the  grounds  and  ends  of  God’s  in- 
flidting  punifhments  ; of  the  admirable  and  unparallel’d  perfonof  Chrift ; 
of  thofe  qualifications,  and  offices,  that  are  required  to  fit  him  for  being  a 
redeemer;  of  the  nature  of  covenants,  and  the  conditions  of  thofe  which  God 
vouchfafed  to  make  with  man  ; of  the  divine  decrees,  with  regard  to  man’s 
final  State  ; of  the  fecret  and  powerful  operations  of  grace  upon  the  mind,, 
and  the  manner  by  which  the  fpirit  of  God  works  upon  the  fouls  of  men, 
which  he  converts,  and  brings,  by  fandlification  to  glory  ; in  fhort,  there 
are  fo  many  points,  moft  of  them  of  difficult  fpeculation,  that  are  fit  to 
be  difcufs’d  by  him,  who  would  folidly  and  fully  treat  of  the  world’s  re- 
demption by  Chrift ; that,  when  I refledt  on  them,  I am  ready  to  exclaim 
with  St.  Paul , “ who  is  fufficient  for  thefe  things?”  And,  I am  fo  far 
from  wondering,  that  the  generality  of  divines,  and  other  writers  on  this 
fubjedt,  have  not  fully  difplayed  the  wifdom  which  God  has  exprefs’d  in  this 
great  work,  that  to  have  been  able  to  accomplifh  it  in  fo  admirable  a way, 
as  God  has  adtually  contrived,  and  made  choice  of;  is  one  of  the  chief 
reafonsof  my  admiration  of  the  wifdom  itfelf.  And,  I am  perfuaded, 
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that  for  God  to  reconcile  his  inflexible  juftice,  his  exuberant  mercy,  and  Physics. 
all  thofe  other  attributes  that  Teem’d  toclafh,  inevitably,  about  the  defign’d  L/W 
falvation  of  men,  and  make  them  co-operate  to  it ; is  a ftupendous  mani- 
feftation  of  wifdom : there  being  no  propofition  in  Diophantus,  or  Apollonius , 
in  algebra,  or  in  geometry,  near  To  difficult  to  be  folv’d,  or  that  requires 
a greater  number  of  proportions  and  congruities,  to  be  at  once  attended 
to,  and  made  fubfervient  to  the  fame  ends;  as  that  great  problem,  pro- 
pounded by  God’s  infinite  goodnefs,  to  his  divine  wifdom  •,  the  redemption 
of  loft  and  perverfe  mankind,  upon  the  terms  declared  in  the  gofpel : which 
are  admirably  fitted  to  promote,  at  once,  God’s  glory,  and  man’s  felicity. 

We  have  here,  and  that  very  imperfectly,  only  fpoke  to  two  of  God’s  The  immenfe 
attributes,  his  wifdom,  and  his  power  : tho’  there  are  many  others  where-  be~ 

with  we  are  acquainted  ; and,  perhaps,  ftill  more  whereof  we  are  ™eat0/ani 

rant.  Now,  the  natural  and  genuine  refult  of  all  thefe  divine  perfections,  bis  creatures . 
muft  be  a moft  glorious  majefty,  that  requires  the  moft  lowly  and  proftrate 
veneration  of  all  his  intelligent  works.  And,  accordingly,  the  angels,  of 
all  his  mere  creatures  the  moft  excellent  and  knowing,  are  reprefented  in 
the  feripture,  as  affiduoufly  employing  themfelves  in  obeying  and  ferving, 
in  praifing  and  adoring  the  divine  majefty,  with  the  utmoft  lowlinefs  and 
lubmiffion. 

This  profound  refpect  of  the  angels,  is  not  to  be  wonder’d  at ; fince, 
where  efteem  fprings  not  from  ignorance,  but  knowledge  ; the  greater  the 
ability  and  opportunities  are  of  having  the  knowledge  clear  and  heighten’d, 
the  greater  veneration  muft  be  produced  in  an  intelligent  Being  for  the 
objeCt  admired  ; whofe  perfections  are  here  fuch  as  even  an  angelical  in- 
tellect cannot  fully  reach : for,  as  a line,  by  being  ever  fo  much  extended 
in  length,  cannot  grow  a furface  ; fo  neither  can  created  perfections  be, 
by  any  ideas,  magnify’d  into  divine  ones.  And,  indeed,  fpeaking  in  ge- 
neral, the  creatures  are  but  fhadowy,  and  arbitrary  pictures  of  the  great 
creator  ; of  many  of  whofe  perfections,  tho’  they  have  fome  marks ; yet 
they  are  fuch,  as  rather  give  the  intellect  rife  and  occafion  to  take  notice 
of,  and  contemplate  the  divine  originals,  than  afford  it  true  images  of 
them.  The  awful  reverence  paid  to  the  fupreme  Being  by  thofe  excellent 
fpirits,  who  “ are  greater  in  power  and  might  than  we,”  ought  to  ad- 
moniffi  us  of  the  ecftatic  refpeCt  we  owe  him  *,  and  teach  us,  that  when- 
ever we  fpeak  either  to  God,  or  of  him,  we  ought  to  be  inwardly  affeCted 
with  the  unmeafurable  diftance  there  is  between  a moft  perfeCt  and  omni- 
potent creator,  and  a mere  impotent  creature. 

The  diftance  betwixt  the  infinite  creator  and  the  creatures,  which  are  7 'befuperiority 
but  the  limited  and  arbitrary  productions  of  his  power  and  will,  isfo  vaft,  °f  the  divine 
that  all  the  divine  attributes,  or  perfections,  by  unmeafurable  intervals  *1™^*^*° 
tranfeend  thofe  faint  refemblances  of  them,  that  he  has  been  pleafed  to 
imprefs,  either  upon  other  creatures,  or  upon  men.  God’s  nature  is  fo 
peculiar  and  excellent,  that  there  are  qualities,  which,  tho’  high  virtues  in 
men,  cannot  belong  to  God,  or  beaferibed  to  him  without  derogation.  Nay, 
there  are  fome  virtues  that  belong  to  man  himfelf  only  in  his  mortal  ftate. 
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Physics.  But,  whatever  excellencies  there  be,  that  are  limply  and  abfolutely  fuch, 

'mOTV  and  fo  may,  without  difparagement  to  his  matchlefs  nature,  be  afcribed  to 
God,  we  may  be  fure  that  he  poflWTes  them  •,  fince  he  is  the  original  au- 
thor of  all  the  degrees,  or  refemblances,  we  men  have  of  any  of  them. 
The  pfalmift’s  reafoning  is  good.  w He  that  planted  the  ear,  fhall  he  not 
“ hear  ? He  that  formed  the  eye,  fhall  not  he  fee?  He  that  teacheth 
“ man  knowledge,  fhall  not  he  know?”  Sinceallthe  perfedions communi- 
cated to,  or  to  be  found  in  the  creatures,  being  emanations  of  the  divine 
excellencies,  belong  as  much  to  God,  as,  in  a bright  day,  all  the  luminous 
rays  found  in  the  air,  belong  to  the  fun.  The  vaft  difference,  then,  be- 
tween the  perfe&ions  of  the  great  creator,  and  thofe  that  are  analogous  to 
them  in  the  creatures,  reaches  to  all  the  perfections  to  be  found  in  both: 
but  the  human  underftanding,  as  it  values  itfelf  upon  nothing  more  than 
wifdomand  knowledge  ; fo  there  is  nothing  that  it  efteems,  and  reveren- 
ces, more  in  other  Beings,  and  is  lefs  willing  to  acknowledge  itfelf  fur- 
pafs’d  in,  than  thefe.  Now,  5tis  certain,  that  God  knows  innumerable  things, 
with  which  we  are  altogether  unacquainted  : he  cannot  but  know  all  the 
creatures  he  has  made,  whether  vilible  or  invifible,  corporeal  or  immate- 
rial ; and  what  he  has  enabled  them  to  do.  Nay,  fince  he  cannot  but  know 
the  extent  of  his  own  infinite  power,  he  cannot  but  know  numberlefs 
things,  as  poflible,  that  he  has  not  yet  made,  or,  perhaps,  ever  will  make. 
He,  alfo,  knows  thofe  things  whereof  we  men  have  fome  knowledge,  in  a 
manner,  or  degree,  peculiar  to  him felf.  As,  what  we  know  but  in  part, 
he  knows  fully  •,  what  we  know  but  dimly,  he  knows  clearly  ; and  what 
we  know  but  by  fallible  mediums,  he  knows  mod  certainly. 

But  the  great  prerogative  of  God’s  knowledge,  is,  that  he  perfe&ly 
knows  himlelf  j that  knowledge  being  not  only  too  wonderful  for  man, 
but  beyond  the  reach  of  an  angelical  intellect  : fince,  fully  to  comprehend 
the  infinite  nature  of  God,  no  lefs  than  an  infinite  underftanding  is  requi- 
fite.  And  for  the  works  of  God,  even  in  thofe  that  are  purely  corporeal, 
our  knowledge  is  incomparably  inferior  to  his.  For  tho*  fome  modem 
philofophers  have  made  ingenious  attempts  to  explain  the  nature  of  things 
corporeal  j yet  their  explanations  generally  fuppofe  the  prefent  fabric  of 
the  world,  and  the  laws  of  motion  fettled  in  it.  But  God  knows,  parti- 
cularly, both  why,  and  how  the  univerfal  matter  was  firft  contrived  into 
this  admirable  univerfe,  rather  than  a world  of  any  other  of  the  number- 
lefs conftrudtions  he  could  have  given  it  •,  and  both  why  thofe  laws  of  mo- 
tion, rather  than  others,  were  eftablifhed  *,  and  how  fenfelefs  matter,  to 
whofe  nature  motion  does  not  at  all  belong,  comes  to  be  put  into  motion, 
and  qualify’d  to  transfer  it,  according  to  determinate  rules,  which  itfelf 
cannot  underftand.  But  when  we  come  to  confider  the  particular,  and 
more  elaborate  works  of  nature  *,  fuch  as  the  feeds  or  eggs  of  living 
Creatures,  &c.  the  ingenuous  confefs,  and  the  confident  betray  their  igno- 
rance. ’Tis  likely,  that  we  men  know  ourfelves  better  than  what  is  with- 
out us:  yet  how  ignorant  we  are  at  home,  if  the  endlefs  difputes  of  Ari- 
ftotle , and  his  commentators,  about  the  human  foul,  and  of  phyficians  and 
1 anatomifts, 
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anatomifts,  about  the  mechanifm  of  the  human  body,  were  not  fufflcient  to  Physics. 
manifeft,  ’twere  eafy  to  (hew,  by  the  very  conditions  of  the  union  of  the  t/W 
foul  and  body : which,  being  fettled,  at  fir  ft,  by  God’s  arbitrary  infti- 
tution  ; and  having  nothing  in  all  nature  parallel  to  them  ; the  manner  and 
terms  of  that  ftrange  union,  is  a riddle  to  philofophers  ; but  mu  ft  needs 
be  clearly  known  to  him  who  alone  inftituted  it,  and  preferves  it.  There 
are  feveral  advantages  of  the  divine  knowledge,  above  that  of  man.  For, 
we  can  perceive,  and  fufficiently  attend  but  to  few  things  at  once  ; but 
God’s  knowledge  reaches,  at  once,  to  all  that  he  can  know  ; his  penetra- 
ting eyes  pierce  quite  thorough  the  whole  creation  at  one  glance;  and 
44  there  is  no  c.reatuYe  that  is  not  manifeft  in  his  fight.”  He  always  fees 
incomparably  more  objeCls  at  one  view,  than  the  fun  himfelf,  endued  with 
fight,  could  do.  For  God  beholds,  at  once,  all  that  every  one  of  his 
creatures,  in  the  vaft  univerfe,  either  does  or  thinks.  The  knowledge  of 
God  is,  alfo,  nota  progreflive,  or  difcurfive  thing,  like  that  acquir’d  by 
our  reafoning ; but  an  intuitive  knowledge.  Men,  by  reafon  of  the  li- 
mitednefs  and  imperfections  of  their  underftandings,  are  obliged  to  make 
the  notice*  they  have  of  one  thing,  a ftep  and  help  to  acquire  that  of  ano- 
ther, lefs  known  : but  God,  whofe  knowledge,  as  well  as  his  other  attri- 
butes, is  infinitely  per  fed,  knows  every  thing  in  itfelf ; and,  all  things 
being  equally  known  to  him,  he  can,  by  looking  into  himfelf,  there  fee 
every  thing  that  is  knowable,  moft  diftin&ly,  yet  all  at  once.  But,  fur- 
ther, God  knows  the  moft  fecret  thoughts  and  intentions  of  men  ; whence 
he  is  call’d  the  44  fearcher  of  all  hearts nay,  he  knows  mens  4 4 thoughts 
afar  off.”  And,  by  the  way,  how  imperfeCUy  muft  mere  philofophers 
know  God,  fince  they  know  him  but  by  his  works  ; and  know  his  works 
themfelves  but  very  imperfe&ly  ? Another  confpicuous  prerogative  of  the 
divine  knowledge,  is  the  prefcience  of  future  contingencies,  that  depend 
upon  the  determinations  and  aCtions  of  free  agents.  For  we  men  are  fo 
far  from  being  able  to  ft  retch  our  knowledge  to  the  difcovery  of  fuch  events, 
that  the  greateft:  fcholars  in  vain  have  try’d  to  difcover  how  God  himfelf 
can  foreknow  them  ; and,  therefore,  too  many,  even  among  chriftians, 
deny  that  he  can  ; tho’  by  feveral  accomplifh’d  predictions,  recorded  in 
fcripture,  it  manifeftly  appears,  that  he  does. 

When  I confider  the  tranfcendent  excellency,  and  the  numerous  prero-  The  obligati - 
gatives  of  the  Deity,  I cannot  without  wonder  and  concern  obferve,  that 
rational  men,  profefTing  chriftianity,  fhould  wilfully  neglect  to  acquire,  or ° and 
refledt  on,  thofe  notices  that  are  apt  to  increafe  their  knowledge  of  God,  contemplate 
and  confequently  their  veneration  for  him.  To  afpire  to  a farther  know-  God. 
ledge  of  God,  that  we  may  the  better  adore  him,  is  a great  part  both  of 
man’s  duty  and  hishappinefs.  God,  who  has  put  into  men  an  innate  de- 
fire of  knowledge,  and  a faculty  to  diftinguifh  the  degrees  of  excellency  in 
different  notices;  and  to  relifh  thofe  moft,  that  beft  deferve  it ; and  has 
made  it  his  duty  to  fearch  and  inquire  after  God,  and  to  love  him  above  all 
things ; would  not  have  done  this,  if  he  had  not  known  that  thofe  who 
make  a right  ufeof  their  faculties,  muft:  find  him  to  be  the  nobleft  objeCt 
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Physics,  of  the  underftanding  ; and  that  which  mod  merits  their  wonder  and  vene- 

L/W  ration.  And,  indeed,  what  can  be  more  fuitable  to  a rational  creature, 
than  to  employ  reafon  to  contemplate  that  divine  Being,  who  is  both  the 
author  of  its  reafon,  and  the  nobleft  object,  about  which  it  can  pofllbly  be 
employ’d?  The  knowledge  of  fome  dead  language,  or  fome  old  rufty 
medal,  or  the  opinions  and  cuftoms  of  fome  nations  or  feds,  that  did  not, 
perhaps,  reafon  or  live  any  better  than  we  do  now,  are  thought  worthy  of 
curiofity,  and  even  of  the  laborious  induftry  of  learned  men  ; and  the  ftudy 
of  things  merely  corporeal  gains  men  the  honourable  title  of  philofophers. 
But  whatever  thefe  objects  of  inquiry  be,  in  themfelves,  ’tis  certain  the 
greateft  difcoveries  we  can  make  of  them  are  but  trifles,  in  comparifon  of 
the  excellency  of  the  knowledge  of  God,  which  as  much  furpafles  that  of 
his  works,  as  he  himfelf  does  them.  And  ’tis  the  prerogative  of  his  na- 
ture, to  be  infinitely  above  all  that  he  has  made,  whether  we  contemplate 
the  works  of  nature,  or  thofe  of  art;  the  former  whereof  are  under  ano- 
ther name,  his  more  immediate  works;  and  the  others,  the  effeds  of  one 
of  his  works  } and,  by  confequence,  originally  his.  And  tho’  k be  mod 
true,  that  God  has  been  pleafed  to  (tamp  on  the  corporeal  world  fuch  im- 
prefles  of  his  power,  wifdom,  and  goodnefs,  as  have  juftly  exacted  the 
admiration  even  of  philofophers ; yet  the  great  author  of  the  world  is 
himfelf  incomparably  fuperior  to  all  his  workmanfhip : fo  that  tho’  he 
could  have  made,  and  always  will  be  able  to  make,  creatures  more  perfect 
than  thofe  he  has  made,  by  infinite  degrees ; yet  the  prerogative  of  his 
nature  will  keep  him  neceflarily  fuperior  to  the  mod  excellent  creatures  he 
can  make  fince  the  very  condition  of  a creature  hinders  it  from  being 
felf-exiftent  and  independent.  ’Tis  therefore,  methinks,  a fad  thing,  that 
we  men  fhould  grudge  to  fpend  now  and  then  a few  hours  in  the  contem- 
plation and  internal  worfhip  of  that  mod  glorious  and  perfect  Being,  who 
continually  employs  the  devotion  of  angels  themfelves. 

I know  ’tis  fuppofed  a dangerous  thing  to  be  inquifitive  about  the  na- 
ture of  God  ; but  the  fecret  things  of  God,  which  are  to  be  left  to  him- 
felf, feem  to  be  his  unrevealed  purpofes  and  decrees,  and  his  mod  abdrufe 
elfence  or  fubdance  ; the  fcrutiny  whereof,  I readily  acknowledge  not  to 
belong  to  us.  And  I think  there  is  a great  difference  between  contempla- 
ting God  out  of  a bold  curiofity,  merely  to  know  fomewhat  that  is  not 
common  of  him  ; and  doing  it  out  of  an  humble  defire,  by  a farther  know- 
ledge, to  heighten  our  reverence  and  devotion  towards  him.  ’Tis  an  effect 
of  arrogance  to  endeavour,  or  fo  much  as  hope,  to  comprehend  the  divine 
perfedions,  fo  as  to  leave  nothing  in  them  unknown,  but  to  afpire  to  know 
them  farther,  that  they  may  proportionably  appear  more  admirable  and 
lovely  in  our  eyes,  is  not  only  an  excufable,  but  a laudable  curiofity.  The 
fcripture  in  one  place  exhorts  us  “ to  grow”  not  only  “ in  grace,”  but  “ in 
“ che  knowledge  of  Chi  id  ;”  and  in  another,  “ to  add  to  our  virtue  know- 
<c  ledge.”  And  that  we  may  afpire  to  great  degrees  of  knowledge,  even  as 
to  thofe  fupernatural  objeds  we  cannot  adequately  know,  appears  from 
St.  Pauly  who  prays  that  his  K^efiariSy  and  all  true  chriftians,  may  be  able 

to 
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to  comprehend  what  is  “ the  breadth,  and  length,  and  depth,  and  height.  Physics 
“ and  to  know  the  love  of  Chrid,  which,  fays  he,  pafifeth  knowledge.” 
Suppofing  it  then  lawful  to  contemplate  God,  not  with  defign  to  pry  into 
his  decrees  and  purpofes,  :.or  to  dogmatize  in  controverted  points  about  his 
nature  and  attributes;  but  to  excite  in  ourfelves  the  fentiments  which  his 
indifputable  perfections  are,  by  a more  attentive  view,  qualified  to  produce  ; 

1 take  the  devout  contemplation  of  God,  befides  other  great  advantages 
that  it  brings  the  mind,  to  be  one  of  the  mod  delightful  exercifes  the  foul 
is  capable  of,  on  this  fide  heaven.  ’Tis  generally  acknowledg’d,  that  ad- 
miration is  one  of  the  mod  pleafing  ade&ions  of  the  mind  ; which  fome- 
times,  when  the  objeCt  deferves  it,  is  fo  polfefs*d  thereby,  as  to  forget  all. 
other  things,  or  leave  them  unregarded.  Now  the  pleafure  that  admira- 
tion gives,  being  ufually  proportionate  to  the  uncommon  nature  and  endear- 
ing circumdances  of  the  thing  admired  ; how  can  any  admiration  afford 
iuch  a contentment,  as  that  which  has  God  himfelf  for  its  objedl?  The 
wonder  produced  in  us  by  an  humble  and  attentive  contemplation  of  God,, 
has  two  principal  advantages,  above  the  admiration  we  have  for  any  of  his 
works,  or  of  our  own.  for,  fird,  when  we  admire  corporeal  things, 
how  noble  and  precious  foever,  the  contentment  that  accompanies  our  won- 
der is  allay’d  by  a kind  of  fecret  reproach,  grounded  on  that  very  wonder ; 

11  nee  it  argues  a great  imperfection  in  our  underdandings,  to  be  unacquaint- 
ed with  things  that  are  but  creatures,  as  well  as  we ; and,  what  is  worfe,  of 
a nature  much  inferior  to  ours : whild  ’tis  no  difparagement,  for  a human 
lnteLecl  to  be  podefs’d  with  wonder,  tho’  heighten’d  to  amazement,  or  a- 
ftonifhment,  by  the  contemplation  of  that  mod  glorious  and  infinitely  per- 
fect Being,  who  mud  necedarily  exceed  the  adequate  comprehenfion  of 
any  created  intellect.  But  there  is  a farther  and  much  greater  advantage 
of  the  admiration  of  God,  above  that  of  other  things  for  other  objects 
having  a bounded  nature,  and  commonly  but  one  thing  to  deferve  our 
wonder,  our  admiration  of  them  is  feldom  lading  ; and  after  a little  fa- 
miliarity, fird  languifhes,  and  then  ceafes  1 but  God  is  an  object  fo  very 
lingular,  whofe  perfections  are  fo  immenfe,  that  no  diligence  of  confidering 
him,  can  make  him  ceafe  to  be  admirable  ; and  the  more  we  know  of  him,, 
the  more  reafon  we  find  to  admire  him.  So  that  there  may  here  be  a per- 
petual vicifiitude  or  our  happy  acquirements  of  farther  degrees  of  know- 
ledge, and  our  eager  defires  of  new  ones.  God  is-fo  fertile  an  object,  that: 
we  need  not  fear  our  admiration  of  him  Ihould  expire,  for  want  of  variety, 
to  keep  it  up.  To  the  wonderful  excellence  of  God,  may  be  judly  applied 
wYizt  Ariftotle  lays  down  as  a definition  of  Infinite ; viz.  “ ’tis  that,  of  which. 

**  ^ow  much  foever  one  takes,  there  dill  remains  more  to  be  taken.”  If  the 
intellect  fhould  for  ever  make  a farther  progrefs  in  the  knowledge  of  the 
wonders  of  the  divine  nature,  attributes,  and  difpenfations;  yet  it  may  dill; 
make  difcoveries  of  frefh  things  worthy  to  be  admired  : as  in  an  infinite 
feries,  or  row  of  afeending  numbers,  tho’  you  may  dill  advance  higher  and 
higher,  yet  all  that  you  can  do  by  that  progrefs,  is  to  go  farther  and  far- 
ther from  the  fird  term  of  the  progreflion,  without  ever  reaching  or  fo 
much  as  approaching  to  an  infinite  number.  ° Nu- 

2 


2 8 o The  Veneration  due  to  God. 

Physics.  Numerous  other  arguments  might  be  brought,  to  Ihew  the  immenfe  in- 

L/YV  feriority  of  man’s  intellect  to  God. 

I think,  then,  that  it  becomes  us  to  ufe  an  awful  circumfpeClion,  not  only 
when  we  make  philofophical  inquiries  about  God,  that  is,  when  we  prefume 
to  difcourfe  of  him , but  when  we  folemnly  defign  to  praife  him  *,  for  ’tis 
one  thing  to  fay  true  things,  and  another  to  fay  things  worthy  of  God. 
Our  ideas  of  him  may  be  the  bed  we  are  able  to  frame,  and  yet  may  far 
better  exprefs  the  greatnefs  of  our  veneration  for  him,  than  the  immenfity 
of  his  perfection  •,  and  even  thofe  notions  that  may  be  worthy  of  the  mod 
intelligent  of  men,  will  fall  extremely  fhort  of  being  worthy  of  the  in- 
comprehenfible  God.  The  brighted  and  lead  unlike  idea  we  can  frame 
of  God,  is  infinitely  more  inferior,  with  regard  to  him,  than  a parhelion 
is  with  regard  to  the  fun.  He  has  not,  in  my  opinion,  the  trued  venera- 
tion for  God,  who  can  fet  out  his  excellencies  and  prerogatives  in  the  mod 
high  and  pompous  exprefiions  ; but  he  who  willingly  has  a deep  and  real 
fenle  of  the  unmeafurable  inferiority  of  himfelf,  and  his  bed  ideas,  to  the 
unbounded  and  unparallel’d  perfections  of  his  maker.  And  as  even  our 
hymns  and  praifes  of  the  fupreme  Being  deferve  our  blufhes,  and  need  his 
pardon  *,  what  confufion  will  one  day  cover  the  faces  of  thofe  who  not  only 
ipeak  (lightly  and  carelefiy,  but  often  contemptuoudy  of  that  fupreme  and 
infinitely  perfeCt  Being,  to  whom  they  owe  thofe  very  faculties  which  they 
fo  ungratefully  and  impioufiy  mifemploy  ? Indeed  fuch  tranfeendent  excel- 
lencies as  are  the  divine,  might  judly  difeourage  us  from  offering  fo  much 
as  to  celebrate  them,  if  infinite  goodnefs  were  not  one  of  them.  I fhall 
not  therefore  allow  myfelf  the  prefumption  of  pretending  to  make  a pa- 
negyric of  God,  but  content  myfelf  with  an  humble  adoration  of  thofe 
perfe&ions  whereof  my  utmod  praifes  would  rather  exprefs  my  own  weak- 
nefs,  than  their  excellence  ; fince  of  this  ineffable  objeCt  the  highed  things 
that  can  be  expreffed  in  words  mud  fall  fhort  j for  words  cannot  exprefs 
him. 
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PREFACE. 

STATICS  is  that  part  of  univerfal  mechanics , which  confiders 
the  gravity  of  bodies,  in  all  forts  of  mediums  \4ho  Us,  fome- 
times,  taken  for  the  fame  as  particular  mechanics,  or  the  do - 
Brine  of  motion  in  bodies,  which  depends  upon  their  gravity. 
But,  hydroftaticks , in  general,  regards  the  weight  of  bodies  in  all  man- 
ner of  fluids  3 and,  therefore,  difl'ers  but  little  from  flatics,  unlefs  when 
bodies  are  weighed  in  vacuo ; or,  where  there  is  no  fenflble  reflflance. 
There  is,  alfo,  a more  limited  fignific  at  ion  of  the  word,  hydroflatics , 
which  refrains  it,  as  its  derivation  implies,  to  the- weighing  of  bodies 
in  water',  and  Us  hydroflatics  in  this  fenfe,  wherewith  we  are  here 
principally  concern  d:  a doBrine  which,  before  Mr,  Boyle  undertook 
to  improve  it,  conflfled  chiefly  in  theory  and  fpeculation',  having  only 
been  treated  by  ?neer  mathematicians : but,  that  noble  philofopher  foon 
reduc'd  it  to  praBice,  and  applied  it  to  ufeful  purpofes.  Some  of  its 
propofitions,  f ormerly  demonflrated  in  a mathematical  ?na?iner,  he  proved 
by  the  direB,  obvious  way  of  experiment  $ that  is,  by  the  proper  way , 
or  hydroflatically.  He,  alfo,  made  many  new  difcoveries  in  this  part 
of  knowledge,  which  are  highly  ufeful  in  life,  and  teach  us  to  examine 
the  goodnefs  of  drugs,  of  metals , minerals,  and  other  bodies,  both  folid 
and fluid , 

The  flirfl  of  the  following  pieces  appears  under  the  title  of  paradoxes ; 
arid,  truly,  the  propofitions  it  contains,  were  paradoxes , even  to  fome 
mathematicians,  at  the  time  wherein  they  were  publifhed.  Nor  is  this 
fl range,  fine e,  as  the  learned  Wolfius  obferves,  many  per fons  taking 
gravity  for  a perma?ient  power  in  matter,  which  muft  remain  unalter  d, 
Jo  long  as  it  continues  its  fate ; and  fuppofmg  fluids,  whilft  co?iflri d, 
and  at  reft,  wholly  unable  to  aB  upon  bodies ; ?:o  reafon  appears  to  them, 
why  they  floGuld,  as  it  were,  take  away  apart  of  the  gravity  of  the  bo- 
dies immerfed  in  them ; and,  much  lefs , why  they  jhould , fometimes, 
throw  them  upwards  with  a great  force.  This  was  remarkably  the 
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cafe  with  that  great  Scholar , Dr.  More;  who , to  folve  fuch  an  ap- 
pear ancey  would  fain  have  introduced  anew , and  an  immaterial  prin- 
ciple into  phyfics.  And  this  gave  birth  to  another  of  the  enfuing  pieces ; 
which  tho  it  alfo  relates  to  fome  experiments , that  appear  under  the  head 
of  pneumatics , we  thought  fit  to  range  entire , under  this  of  fiatics ; 
becaufe  y in  firittnefs , Pis  wholly  bydrofiaticab,  taking  that  term  in  its 
larger  fenfe ; becaufe  we  would  not  break  in  upon  the  order  of  the  pneu - 
viatical  pieces ; andy  laflly\  becaufe  hydrofiatics  ought , always , to  pre- 
cede pneumatics ; fince  the  latter  cannot  be  underfiood  without  a know- 
ledge of  the  former. 
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Hydroftatical  Paradoxes, 

Proved  and  Illuftrated  by 

EXPERIMENTS. 


POSTULATA,  & LEMMATA. 

i.  Uppole  a tube,  open  at  both  ends,  held,  with  one  of  them,  per- 

pendicularly,  underwater;  the  lower  orifice  may  be  conceived 
to  terminate  in  a plain  parallel  to  the  horizon,  or  the  upper  fur- 
face  of  the  fluid. 

2.  All  aflignable  equal  portions  of  this  furface,  will  be  equally  prefled 
by  the  water  perpendicularly  incumbent  thereon. 

For  the  fluid  being  here  fuppofed  homogeneous,  as  to  its  gravity,  and 
to  (land,  at  the  fame  height,  upon  all  the  parts  of  the  imaginary  plain  ; 
no  equal  part  can  poflibly  be  more  prefled  than  another,  in  the  fame  fur- 
face. 

3.  If  any  part  of  this  imaginary  plain  be  prefled  with  a greater  weight 
than  another,  the  former  will  be  either  difplaced,  or  deprefled. 

Thus,  whilft  an  heavy  body  finks  in  water,  that  part  of  the  imaginary 
plain,  contiguous  to  the  lower  part  of  the  body,  being  prefled  by  a great- 
er weight  than  the  other  portion  of  the  fame  furface,  mult  needs  give  way, 
fucceflively,  till  the  heavy  body  arrives  at  the  bottom. 

4.  On  the  other  hand,  if  any  part  of  the  imaginary  furface  be  lefs  pref- 
fed  upon  than  the  remainder,  it  will,  by  the  weight  on  the  remainder,  be 
impell’d  upwards,  till  the  preflure  there  be  equal  to  that  upon  the  other 
parts  of  the  fame  furface. 

If  this  be  doubted,  the  following  experiment  will  prove  it.  If  a cyliiv 
drical  glafs  tube,  open  at  both  ends,  be  fteadily  held  in  a perpendicular 
pofture,  with  one  of  them  immerfed,  two  or  three  inches  below  the  fur- 
face of  a proper  quantity  of  water,  in  a glafs  veflel  ; the  furface  of  the 
water  within-iide  the  tube,  will  be  nearly  level  with  the  furface  that  is 
without-flde  the  fame  ; becaufe  the  water,  in  both  cafes,  has  a free  com- 
munication. 

If 
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If,  now,  a convenient  quantity  of  oil,  be  gently  pour’d  upon  the  water 
that  is  external  to  the  tube,  that  within  the  tube,  which  we  (hall  call  in- 
ternal, will  gradually  rife,  and  continue  to  do  fo  proportionably  ; be- 
caufe  the  imaginary  plain,  cutting  the  immerfed  orifice  of  the  tube,  is 
every  where  preflfed  by  an  additional  weight,  except  in  the  orifice  it- 
felf:  which  preflure  mud  neceflarily  be  increas’d,  as  more  oil  is  pour’d 
upon  the  external  water  ; whilft  a circle  of  our  imaginary  plain,  equal  to 
the  lower  annulus  of  the  tube,  is,  by  the  Tides  thereof,  guarded  from  the 
immediate  weight  of  the  oil  ; whence  the  external  water,  being  more 
prefTed  than  the  internal,  is,  confequently,  forc’d  up  thro’  the  tube,  where 
there  is  the  leaft  refiflance,  till  the  cylinder  of  water  within  the  tube,  gra- 
vitates upon  the  fubjacent  part  of  the  imaginary  plain,  equally  with  the 
fum  of  the  water  and  oil,  upon  every  other  equal  portion  of  the  fame 
fur  face. 

5.  The  air  is  a ponderous  body. 

This  has  been  (hewn  by  feveral  experiments;  fome  whereof,  indeed, 
are  excepted  to  ; but  the  following  is  unexceptionable,  and  was  often  re- 
peated. 

Having  obtain’d  a thin,  and  large  glafs  bubble,  with  a (lender  ftem, 
and  gradually  rarified  the  air  it  contain’d,  as  much  as  I conveniently  could, 
by  the  flame  of  the  lamp,  whereat  the  bubble  was  blown  ; the  ftem, 
whilft  the  bubble  remain’d  exceeding  hot,  being  nimbly  put  into  the  flame, 
thereby  became  hermetically  fealed,  in  an  inftant.  This  glafs  we  permitted 
to  cool  leifurely,  and  afterwards  weigh’d  it  in  a very  exadt  balance  ; then 
carefully  breaking  off  the  fealed  end,  and  prelerving  the  fragments,  we 
weigh’d  the  glafs  again,  and  found  it  conflderably  heavier  than  before; 
which  could  be  owing  to  nothing  but  the  natural  air,  that  rufhed  into  the 
bubble,  upon  breaking  off  its  ftem,  whilft  it  contain’d  air  greatly  expand- 
ed. For,  the  noife  hereof,  in  entring,  maybe  plainly  heard  by  an  at- 
tentive ear  ; and  as  the  rarifadtion  is  here  great,  fo  the  bubbles  will  forne- 
times  break,  by  the  bare  force  of  the  external  air  ; and,  laftly,  if  the 
fealed  end  of  the  glafs  be  broke  oft',  underwater,  that  fluid  will,  by  the 
preffure  of  the  atmofphere,  be  forced  into  the  bubble,  like  an  artificial 
fountain,  till  it  be  about  three  quarters  full : whence  the  weight  of  the 
air  appears  to  be  very  confiderable  ; flnce  the  fourth  part  ol  what  the 
bubble  would  contain,  remains  therein  not  taken  notice  of  by  the  balance. 
In  one  repetition  of  this  experiment,  I found  the  air  frefh  admitted  into  the 
bubble,  weighed  near  J of  a grain,  and  its  full  content  of  water  906 
grains  ; whence,  if  the  re  admitted  air  only  filled  5 of  the  bubble,  the 
whole  air  it  contain’d,  may  be  reafonably  fuppofed  at  a grain.  And  thus 
the  water  weigh’d  about  900  times  as  much  as  the  air  of  the  bubble  ; 
which,  all  things  confkler’d,  comes  near  enough  to  fome  other  trials, 
whereby  we  determin’d  the  fpecific  gravity  of  air,  to  be  to  that  of  water, 
its  1 to  1000. 
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PARADOX  I. 

In  all  fluids^  the  upper  parts  gravitate  on  the  lower. 

Suppofe  one  end  of  a fmall,  cylindrical,  open  glafs  tube,  plunged  into 
oil  of  turpentine,  and  that  liquor  to  be  raifed,  by  fudlion,  to  a convenient 
height  therein  ; when  the  lips  being  removed,  and  the  upper  orifice  of  the 
tube  nimbly  flopp’d  with  the  finger,  to  prevent  the  fluid  from  falling  back, 
imagine  it  thus  placed  perpendicularly  in  the  glafs  A B C D almofl:  fill’d  Fig.  2. 
with  water,  fo  that  the  furface  of  the  oil  may  Hand  fomewhat  higher  than 
that  of  the  water.  This  done,  and  the  finger  removed  from  the  upper 
orifice  of  the  tube,  the  oil  will  not  fall  out  at  the  lower,  but  remain  fuf- 
pended  near  its  former  altitude.  But  oil  of  turpentine,  being  an  heavy 
fluid,  has  a tendency  downwards  ; and  as  the  lower  orifice  of  the  tube  is 
open,  it  mufl  neceflarily  fall  out  thereat,  did  not  the  preflfure  of  the  water 
underneath  fuflain  it.  No  contrariety  in  the  nature  of  thefe  two' liquors 
can  be  fiippofed  the  caufe  of  this  phenomenon  ; for,  if  the  finger  be  re- 
moved, before  the  pipe  is  fufflciently  immerfed,  the  oil  will  fubfide  till  it 
becomes  a balance  to  the  water  ; but  the  reafon  of  it  is  manifeflly  this: 

Suppofe  the  plain  wherein  the  extremity  Q,  of  the  pipe  PQ,  refls,  to  be 
GH  5 if  that  part  thereof  whereon  the  oil  refls  at  Q^,  be  equally  prefled 
by  the  incumbent  cylinder  of  oil  Q^X,  with  the  other  parts  of  the  fame 
furface  G H,  by  the  water  incumbent  upon  them  •,  the  part  Q^can  neither 
be  deprefled  by  the  cylinder  of  oil  Q^X,  nor  raifed  by  an  equal  preflure  of 
water  upon  the  other  parts  of  the  plain  G H.  That  this  equilibrium,  be- 
twixt the  oil  and  water,  is  juflly  aflign’d  for  the  caufe  of  the  phenomenon, 
appears  farther,  1.  From  what  is  already  obferved,  viz.  that  if  the  cylin- 
der of  oil  reach  much  higher  than  the  furface  of  the  water,  the  oil  will  de- 
fcend  : the  reafon  whereof  is,  that  the  plain  G H,  being  more  charged  at 
than  in  any  other  part,  it  is  there  unable  to  make  reflflance  ; whence  it  mufl 
neceflarily  be  thrufl  out  of  its  place,  by  the  defending  oil.  2.  Becaufe  the 
oil  will  continue  fubfiding  only  till  its  furface  becomes  almofl  level  with  that 
of  the  water ; when  the  part  QJs  prefled  by  the  oil,  equally  with  the  other 
parts  of  the  plain  G H,  by  the  water  incumbent  on  them.  3.  If,  while  the 
oil  and  water  are  balanced,  the  pipe  be  gently  raifed  from  Qjto  S,  the  oil 
will  preponderate,  and  confequently  fall  out  in  drops,  which  by  the  fuperior 
fpecific  gravity  of  the  water,  will  be  buoy’d  up,  and  fo  float  on  the  furface 
thereof;  and  as  the  pipe  is  gradually  elevated  towards  the  furface  L M, 
more  and  more  of  the  oil  will  drop  out:  but  if  the  tube  be  Hop’d  any  where 
in  its  afent,  at  S,  for  inflance,  the  oil  will  ceafe  to  flow  out:  and,  as  at  the 
plain  I K the  preflure  of  the  water,  by  reafon  of  its  diminifh’d  depth  L I, 
upon  the  other  parts  of  the  furface,  is  not  near  fo  great,  as  upon  the 
plain  G H *,  fo  the  remaining  cylinder  of  oil  incumbent  on  S,  is,  by  reafon 
of  its  proportionable  efflux,  unable  to  prefs  that  part  more  forcibly  than 
the  others  of  the  fame  plain  I K,  are  prefs’d  by  the  incumbent  water.  And, 
if  the  lower  orifice  be  raifed  almofl;  to  V,  or  near  the  upper  furface  of  the 
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Statics,  water  LM,  fcarce  any  oil,  for  the  fame  reafon,  will  remain  in  the  pipe 
T V.  4.  But  if,  when  the  end  of  the  tube  refts  in  the  plain  G H,  where 
the  oil  is  a balance  for  the  water,  it  be  let  down  to  O,  the  external  water 
will  caufe  the  oil  to  afcend  in  the  tube,  the  height  of  E G ; fo  that  the  pipe 
will  contain,  befides  a cylinder  of  oil  ttW,  a fhorter  one  of  water  * O ; 
for  now  a new  plain  E F,  cuts  the  lower  orifice  of  the  tube,  whilft  that  part 
of  it  at  O,  being,  by  the  incumbent  oil,  preffed  lefs  than  the  others  by 
the  incumbent  water,  the  oil  will  be  buoy’d  up,  till  the  water  Oa,  and 
the  cylinder  of  oil  ct  W,  taken  together,  gravitate  as  much  upon  O,  as  the 
reft  of  the  incumbent  water  does  upon  the  other  equal  parts  of  the  fame 
plain  EF.  Since  then  the  oil,  in  this  cafe,  may  be  kept  fufpended  at  any 
point,  under  water,  as  at  being  there  in  an  equilibrium  with  the  exter- 
nal fluid*,  fince,  when  elevated,  asfromQjoS,  it  falls  by  its  own  gra- 
vity ; and,  fince  the  deeper  it  is  plunged,  the  greater  weight  and  preflure 
are  required  in  the  cylinder  of  oil,  to  balance  the  preflure  of  the  water  •,  it 
follows,  that  the  parts  of  the  water  incumbent  on  the  plain  G H,  prefs 
that  furface  more  than  the  plain  I K is  prefled  by  the  parts  of  the  water 
contiguous  to  it;  and  confequently,  that  all  the  parts  of  the  water  which 
lie  under  the  upper  furface,  are  preflfed  by  thofe  which  ftand  diredtly  over 
them ; as  the  upper  parts  of  the  oil  prefs’d  down  the  lower,  whilft  the 
pipe  was  drawn  up  from  Qjto  S ; fo  that  the  oil  flow’d  out  at  the  orifice  S : 
for  fince  the  lower  parts  of  a liquor  prefs  proportionably  to  the  height  of 
the  fluid,  they  muft  neceffarily  derive  their  force  from  the  incumbent  parts, 
which  confequently  gravitate  upon  them. 

A glafs  bubble,  about  the  bignefs  of  a pullet’s  egg,  was  purpofely  blown 
at  the  flame  of  a lamp,  with  a long  ftem  turn’d  up  at  the  end,  that  it  might 
be  the  more  conveniently  broken  off.  This  bubble  being  well  heated,  to 
rarify  the  air,  and  thereby  drive  out  a large  part  of  it,  was  prefently  feal’d 
at  the  end,  and,  by  the  help  of  the  figure  of  the  ftem,  was,  by  a conve- 
nient piece  of  lead,  funk  under  water,  the  weight  and  glafs  being  tied  by 
a ftring  to  one  fcaleof  a good  balance,  in  the  other  whereof  was  placed  a 
counterpoife  to  the  bubble,  as  it  hung  freely  in  the  midft  of  the  water. 
Then,  with  a pair  of  forceps,  I carefully  broke  off  the  fealed  end  of  the 
bubble  under  water,  fo  that  no  air  appear’d  to  emerge,  orefcape  thro’  the 
water;  but  the  liquor,  by  the  weight  of  the atmofphere,  fprung  into  the 
empty  part  of  the  bubble,  and  about  half  fill’d  the  whole  cavity  ; where- 
upon the  bubble  immediately  fubfided,  and  made  the  fcale,  whereto  ’twas 
faften’d,  require  4 drams,  and  38  grains,  to  bring  it  horizontal.  Then 
taking  out  the  bubble,  with  the  water  it  contain’d,  we,  by  means  of  the 
flame  of  a candle  warily  applied,  drove  out  the  water,  which  otherwife 
is  not  eafily  excluded  at  a very  narrow  ftem,  into  a glafs  counterpois’d 
belore-hand,  and  found  it  to  weigh  about  4 drams,  and  30  grains,  be- 
fides a little  that  remain’d  in  the  bubble,  and  a fmall  matter  that  might 
have  been  rarify’d  into  vapour  ; which,  added  to  the  piece  of  glafs  broken 
off  under  water,  and  loft  there,  might  very  well  amount  to  7 or  8 grains. 
By  which  it  appears,  not  only  that  water  has  fome  weight,  or  gravitates  in 
2 water. 
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water,  but  that  it  weighs  very  near,  or  altogether  as  much  in  water,  asSTATics. 
in  the  air.  We  repeated  the  experiment  with  another  fealed  bubble  as 
large  as  a great  hen-egg,  and  with  the  like  fuccefs. 

COROLLARY. 

From  hence  it  appears  why  the  furface  X,  of  the  oil  in  the  pipe  P Q, 
rifes  a little  above  the  level  L M of  the  external  water.  The  (lendernefs 
of  the  pipe  may  indeed  contribute  hereto,  but  there  would,  otherwife,  be 
an  inequality.  For  fince  oil  of  turpentine  is  fpecifically,  that  is,  bulk  for 
bulk,  lighter  than  water  ; and  fince  an  equilibrium  between  them  is  here 
conftantly  obferv’d  *,  the  height  of  the  oil  incumbent  upon  Qjnuft  of  ne- 
cefiity  be  greater  than  that  of  the  water  incumbent  on  the  other  parts  of 
the  fame  plain  G H,  to  make  the  prefiure  on  both  fides  equal.  And  were 
the  difference  between  the  fpecific  gravities  of  thefe  two  liquors  greater, 
the  difference  in  the  heights  of  their  furfaces  X and  L M,  would  be  greater 
alfo  ; as  may  be  try’d,  by  fubftituting  oil  of  tartar  per  deliquium,  a heavy 
faline  liquor,  for  water. 

SCHOLIA. 

1.  What  we  have  here  faid,  or  fhall  hereafter  fay,  of  the  properties  of 
water,  is  applicable  to  all  ponderous  fluids,  unlefs  where  caufe  of  excep- 
tion appears  in  particular  cafes. 

2.  *T was  before  hinted,  that  in  very  fmall  glafs  pipes,  many  fluids  (I 
except  quick-filver)  will  appear  with  their  furfaces  higher  than  that  of  the 
liquor  wherein  they  are  immerfed  ; and  that,  as  far  as  I have  obferv’d,  in 
proportion  to  the  fmallnefs  of  the  bore : but  this  being  of  fmall  confequence 
in  our  prefent  experiments,  we  fhall  take  no  farther  notice  thereof. 

3.  Notwithftanding  this  inconvenience  of  fmall  tubes,  we  chufe  to  make 
ufe  thereof,  becaufe  thofe  of  a wider  bore  are  apt,  upon  any  fmall  inequa- 
lities of  prefiure,  to  fuffer  the  oil  and  water  to  pafs  by  each  other  in  their 
cavity,  and  fo  difturb  the  experiment. 

4.  Common  oil  and  water,  or  any  two  liquors  that  will  not  mix,  may 
ferve  in  moft  of  our  experiments.  I made  choice  of  oil  of  turpentine,  be- 
caufe ’tis  light,  thin,  clear,  colourlefs,  eafily  obtainable,  not  apt  to  fpot 
apparel,  or  greatly  to  adhere  to  porous  bodies  5 and  its  offenflve  fcent  is 
eafily  corrected  by  oil  of  rhodium,  &c. 

5.  Oil  of  turpentine  will  corrode  copper ; whence,  by  digefting  it  upon 
the  crude  filings  of  that  metal,  a deep  green  liquor  is  obtainable,  which 
ufed  inftead  of  the  colourlefs  oil,  will  render  the  diftin&ion  of  the  fluids 
more  confpicuous. 

6.  For  the  fame  purpofe  I frequently  employ  a deco&ion  of  brazil,  log- 
wood, or  the  common  red  ink  ; which  muff  be  made  very  ftrong  and  deep, 
otherwife  their  colour  in  a (lender  pipe  will  be  fcarce  difcernible. 

7.  As  to  the  fhape  of  the  glafs- veffel,  we  need  not  be  folicitous,  tho’ that 
of  a wide-mouth’d  jar  be  for  fome  ufes  the  moft  convenient.  The  depth 
hereof,  and  the  length  of  the  tubes,  muft  be  determin’d  by  the  experi- 
ments to  be  made. 

VOL.  II.  Pp  g,  It 
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8.  It  ought  to  beno  difcouragement,  if  the  oil  of  turpentine  fuck’d  ud 

do  not  remain  in  the  glafs  upon  the  firft  or  lecond  attempt ; ’tis  bed:  rn 
draw  up  more  than  is  neceflary,  and  afterwards  to  let  in  the  air  gradually 
between  the  orifice  of  the  tube  and  the  finger,  which  will  fuffer  the  liquor 
to  defeend  to  the  height  required.  4 

9.  Where  a confiderable  difference  is  required  between  the  two  fluids 
made  ufe  of,  oil  of  tartar  per  delirium,  as  we  faid,  tinged  with  cochineal, 
may  fupply  the  place  of  water,  and  highly  reftified  fpirit  of  wine  that  of 
oil  of  turpentine:  for  thefe  two  liquors,  tho’  they  readily  unite  with  wa- 

'7vw  c r h n;,X^iCh  ocher-  °r  a very  ftrong  filtred  folution 
^ay  be  fuDft,tuted  f°r  water,  occafionally.  I have  fometimes 
added  oil  of  turpentine  to  fpirit  of  wine  and  oil  of  tartar,  and  thereby  ob- 
tain d three  liquors  of  different  gravities,  which  will  not  eafily  mix  • by 
plunging  a pipe,  with  water  in  the  bottom  of  it,  below  the  furface  of  the 
lowed  of  thefe  liquors,  and  raifing  and  deprefling  it  in  a proper  manner, 
the  experiment  may  be  agreeably  varied,  but  dill  continue  explicable  by 
the  principles  we  deliver.  J 


10.  7 his  propofition  has  been  thought  liable  to  the  following  obieftions. 
1.  If  the  upper  parts  of  water  gravitate  upon  the  lower,  the  latter  muft  be 
more  denfe  than  the  former.  2.  Divers  are  fenfible  of  no  compreffure  un- 
der water.  3.  Tender  plants  grow  at  the  bottom  of  the  fea.  4.  An  im- 
merfed  heavy  body  is  fupported  and  drawn  out  with  greater  eafe  than  if 
no  water  were  incumbent  thereon  ; for  it  weighs  lefs  in  water,  than  out  of 
it.  5.  A bucket  of  water  is  lighter  when  immerfed,  than  before,  and 
weighs  lefs  in  water,  than,  when  empty,  out  of  it ; therefore  the  water  in 
the  bucket  does  not  gravitate,  either  on  the  bucket,  or  the  water  below  it  • 
whence  the  fchools  have  determin’d,  that  fluids  never  gravitate  in  their 
proper  places.  6.  Horfe-hairs  preferve  any  place  aflign’d  them  in  water, 
and  do  not  fink  by  the  incumbent  weight  thereof.  7.  Were  the  propo- 
fition true,  all  the  lower  parts  of  water  would  be  in  perpetual  motion,  and 
conltantly  expel  the  upper. 

To  anfwer  each  of  thefe  obje&ions  in  their  order.  1.  If  the  component 
parts  of  water  be  perfeftly  hard  and  folid,  the  upper  may  prefs  upon  the 
lower  without  condenfing  them,  as  would  be  the  cafe  in  a heap  of  diamond 
duff.  And  poflibly  the  parts  of  water  will  not  fenfibly  yield  to  fo  fmall 
a weight  as  that  of  the  incumbent  fluid,  at  leaft  in  thofe  heights  whereat 
experiments  are  ufually  made  ; for,  in  fadt,  water  is  not  compreffible  by  an 
ordinary  force:  nor  would  any  abfurdity  follow  from  ourdodtrine,  were 
the  lower  parts  of  the  fea  condenfed  by  the  upper.  2.  That  divers  are 
infenfible  of  any  compreffure  under  water,  proceeds  from  the  furprizinHy 
itrong  refiftance  of  an  animal  body  to  an  uniform  force,  at  once  applied  to 
all  die  external  parts  thereof;  but  that,  if  a proportionable  part  of  this 
preffure  was  fuftam’d  by  one  limb,  and  not  by  all  the  reft  at  the  fame  time, 
twould  be  greatly  pain’d  thereby,  appears  fenfibly  from  covering  the 
an  °Pen  cylindrical  veffel  with  the  palm  of  the  hand,  whilft  ap- 
plied like  a receiver,  to  be  exhaufted  by  the  air-pump  : for  as  loon  as  the 

included 
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included  air  is  withdrawn  from  under  your  hand,  it  will  be  vehemently  Statics. 
prefs’d  from  without,  againft  the  edge  of  the  velfel  $ as  if  fome  weight  were 
laid  upon  the  back  of  your  hand,  and  forced  it  into  the  hollow  of  the  cy- 
linder. But  that  fo  vaft  a weight  of  water,  as  mull  comprefs  a human 
body  at  the  depth  of  near  ioo  feet  below  the  furface  of  the  fea,  (where, 
a diver  told  me,  he  had  remain’d  without  pain  ) will  not  fenfibly  arfecfl:  *t, 
may  appear  from  the  following  experiment.  To  a fmall,  cylindrical,  glafs 
lyphon,  fealed  at  one  end,  we  exactly  fitted  a rammer,  by  means  of  foft  Fig.  3* 
leather,  fo  that  neither  air  nor  water  could  pais  between  it  and  the  fides 
of  the  glafs  ; then  pouring  in  a proper  quantity  of  water,  and  leaving  fome 
inches  height  of  air  above  it,  we  let  a young  tadpole,  the  body  of  which 
animal  is  exceeding  foft  and  tender,  fwim  about  in  the  glafs  ; when  a man 
forcing  the  rammer  down  the  tube  with  his  utmofl  ftrength,  the  bulk  of  the 
tender  creature  feem’d  fomewhat  diminifh’d  by  the  preffure  •,  however,  it 
continued  to  move  freely  about  in  the  water,  and  often  afcended  to  the 
top  thereof;  tho’  the  inflrument  flood  peependicular  to  the  horizon  : nor 
could  we  perceive  that  the  animal  fuffer’d  theleaft  injury  hereby.  This  ex- 
periment we  frequently  repeated,  with  tadpoles  of  different  ages  ; whence 
it  may  fairly  be  concluded,  that  the  texture  of  animals  is  fo  flrong,  that 
tho’  water  actually  prefs  on  water,  the  body  of  a diver,  at  a great  depth 
therein,  ought  not  to  be  fenfible  of  its  weight : for  the  air  being  here  com- 
prefs’d  into  an  eighth  part  of  its  natural  dimenfions ; the  tadpole  fuflain’d  a 
preffure  of  water  equal  to  that  of  a cylinder  of  the  fame  near  300  feet  high. 

3.  That  plants  fhoot  up  under  water,  is  owing  to  the  fubjacent  preffure  of 
the  fame  ; the  force  whereof,  we  fee,  is  able,  when  they  are  detach’d  from 
their  roots,  to  throw  them  up  to  the  furface,  notwithflanding  the  direft 
weight  of  the  incumbent  fluid.  4.  Tho’  the  water  incumbent  on  a heavy 
body  adually  tends  to  deprefs  it,  yet  that  tendency  may  not  caufe  it 
to  fink  deeper  ; by  reafon  of  an  equal  or  greater  preffure  upon  all  the 
other  parts  of  the  fame  plain,  wherein  its  bottom  refts  ; in  which  cafe, 
the  hand  that  fuflains  it  will  not  feel  the  weight  of  the  incumbent  fluid, 
but  be  able  to  raife  the  body  more  eafily  here,  than  in  the  air:  yet  if 
the  incumbent  water  be  removed,  as  in  the  proof  of  our  eleventh  para- 
dox, a great  preffure  will  appear  to  have  been  there  fuflain’d  by  the  body. 

5.  To  pafs  over  that  fenfelefs  expreffion  of  fluids  not  gravitating  in  their 
proper  places,  I thus  folve  the  phenomenon  of  the  immerfed  bucket.  Sup- 
pofe  A BCD  the  well,  EF  the  rope  whereby  the  bucket  is  fufpended^-  4° 
under  water,  with  its  bottom  refling  on  the  plain  IK;  if  the  bucket 
wholly  confifl  of  wood  fpecifically  lighter  than  water,  it  mull  be  fo  far 
from  weighing  upon  the  hand  at  E,  that  its  upper  parts  muft  needs  rife 
above  the  top  of  the  water : but  if  this  veffel  be  a compofition  of  wood  and 
iron,  it  may  be  fpecifically  heavier  than  water ; in  which  cafe,  the  hand 
that  draws  it  out,  will  feel  only  that  weight,  whereby  it  exceeds  an  equal 
bulk  of  the  fluid  ; the  water  in  the  cavity  G,  and  fo  much  as  refts  thereon, 
being  balanced  by  the  preffure  of  the  other  water  above  the  plain  IK: 
whence  the  bottom  of  the  bucket  is  prefled  as  forcibly  upwards,  as  the 
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Statics,  weight  of  the  incumbent  water,  in  the  bucket  and  above  it,  tends  to  de- 

l/YV  prefs  it ; fo  that  the  hand  has  no  more  to  lift,  than  the  excels  of  weight  of 
the  wood  and  iron  of  the  bucket,  above  that  of  an  equal  bulk  of  water. 
And  farther  to  fhew  the  abfurdity  of  that  fcholaftic  doCtrine,  of  water’s 
not  weighing  in  its  own  element,  drawn  from  this  experiment  of  the  buc- 
ket, I perform’d  the  fame  thing  in  water,  with  a fmall  box  fill’d  with 
butter,  and  fome  pieces  of  lead,  to  add  to  its  weight ; and  I hope,  it  will  not 
be  pretended,  that  the  butter  and  lead  did  not  gravitate  here,  becaufe  they 
were  in  their  own  element* **.  6.  That  horfe-hairs,  fuppofing  them  of  the 
fame  fpecific  gravity  with  water,  ftand  fufpended  at  any  depth  in  that 
4»  fluid,  is  eafily  accounted  for  upon  our  principles.  Suppofe  the  body  R, 
to  be  of  the  fame  fpecific  gravity  with  water,  it  cannot  prefs  that  part  of 
the  plain  S,  wherein  it  refts,  either  more  or  lefs  than  an  equal  bulk  of  wa- 
ter ; and  confequently,  tho*  the  whole  column  that  ftands  above  it,  di- 
rectly prefles  thereon,  that  does  not  fink  it ; being  balanced  by  the  weight 
of  the  other  water  above  the  plain  IK  •,  whence  the  body  will  neither  be 
deprefs’d  nor  rais’d.  And  as  this  muft  be  the  cafe  at  what  depth  foever 
the  body  be  immers’d,  it  muft  necefiarily  keep  in  the  place  aflign’d  it.  And 
I once  procured  glafs  bubbles  fo  nicely  poifed,  as  to  exhibit  this  phenome- 
non with  a furprizing  exaCbnefs.  7.  If  the  laft  objeftion  fuppofes  the 
lower  parts  of  water  to  be  of  any  confiderable  bulk,  ’tis  already  an- 
fwer’d,  when  we  fhew’d  that  the  body  R,  would  retain  its  placeaffign'd, 
any  where  in  the  water.  And  unlefs  we  knew  the  particular  magni- 
tude and  figure  of  the  component  particles  of  water,  ’tis  to  no  pur- 
pofe  to  difpute  this  point.  Iam,  however,  fo  far  from  thinking  it  ab- 
furd,  that  the  lower  parts  of  water  fhould  be  in  conftant  motion,  that 
I take  this  to  be  the  very  property  that  conftitutes  a fluid  ; which,  tho* 
not  vifible,  is  eafily  difcoverable  by  its  effeCls.  Thus,  when  fait  is  thrown 
into  water,  the  parts  near  the  bottom  foon  raife  faline  corpufcles  to  the 
top,  where  they  afterwards  fhew  themfelves  in  fmall,  floating,  cubical 
grains. 


* This  matter  cannot  be  fet  clearer 
than  in  the  words  of  Sir  Ifaac  Nezvton  ; 
who  obferves,  that  bodies  immerfed  in 
fluids,  have  two  kinds  of  gravity  ; the  one 
true  and  abfolute,  the  other  apparent,  vul- 
gar and  relative.  “ Abfolute  gravity  ( fays 
“ he  ) is  the  whole  force  wherewith  a 
“ body  tends  downwards ; but  the  relative 
“ and  vulgar  is  that  excefs  of  gravity, 
“ whereby  a body  tends  downwards,  more 
“ than  the  fluid  which  furrounds  it.  By 
ft  the  former  kind,  the  parts  of  fluids,  and 
“ of  all  bodies,  gravitate  in  their  proper 

**  places ; and,  by  their  joint  weights, 
“ compofe  the  weight  of  the  whole.  For 
4(  every  whole  has  weight,  as  is  evident 


“ in  veflels  fill’d  with  liquids ; and  the 
“ weight  of  the  whole  being  equal  to  the 
weights  of  all  the  parts,  muft  of  necef- 
“ fity  be  compofed  of  them.  But  bodies, 
“ by  the  latter  kind  of  gravity,  do  not 
“ gravitate  in  their  own  places ; that  is, 
“ do  not,  when  compared  with  one  ano- 
“ ther,  pregravitate  ; but  mutually  hin- 
“ dering  each  other’s  endeavour  to  de- 
“ fcend,  they  remain  in  their  places,  as 
“ if  they  had  no  weight.  Bodies  in  the  air 
“ which  do  not  pregravitate,  are  thought 
“ by  the  vulgar  not  to  be  heavy  ; but  thofe 
“ which  pregravitate,  they  judge  to  be 
“ heavy,  fo  far  as  the  air  does  not  fupport 
“ them  ; fo  that  the  weight  of  bodies  among 

“ the 


Hydrojlatical  Paradoxes.  293 

Statics. 

PARADOX  II.  vyTV/’ 

A lighter  fluid  will  gravitate  upon  a heavier . 

If  you  fuck  up  fair  water  in  a (lender  glafs  pipe,  to  the  height  of  three 
or  four  inches,  nimbly  (lop  the  upper  orifice  with  your  finger,  plunge  the 
lower  into  a glafs  of  oil  ot  turpentine,  till  the  furface  of  the  oil  in  the  vefiel 
rife  fomewhat  higher  than  that  of  the  water  in  the  tube,  and  then,  ladly, 
remove  your  finger ; the  water  will  not  fall  out,  but  continue  fufpended  by 
thepreffure  of  the  oil  ; as  appears  evident  from  the  foregoing  propofition, 
whereof  this  is  only  the  converfe.  And  if  either  more  oil  be  poured  into 
the  vefiel,  or  the  tube  be  immerfed  deeper  therein,  the  water  will  be  buoy’d 
up  towards  the  top  of  the  pipe  ; that  is  to  fay,  a heavier  fluid  will  beraifed 
by  a lighter.  Since  then,  by  the  preceding  propofition,  the  liquor  rifes 
in  the  pipe  by  the  gravity  of  the  external  fluid,  it  follows,  that  a.  lighter 
liquor  will  gravitate  upon  a heavier. 


COROLLARY. 

As  the  furface  of  the  oil  in  the  tube,  was  always,  in  the  former  experi- 
ment, higher  than  that  of  the  external  water,  fo  here,  the  furface  of  the 
water  in  the  pipe,  will  conftantly  be  lower  than  that  of  the  oil ; becaufe 
in  the  plain  E F,  the  cylinder  of  water  I G,  contain’d  in  the  pipe  I H,  will  Fig. 
upon  account  of  its  greater  gravity,  prefs  as  much  upon  the  part  I,  as  the 
oilKI,  IL,  which  is  fpecifically  lighter  than  it,  does  upon  the  other 
parts  of  the  fame  plain  EF. 

S C H O L I A. 

1.  This  fecond  paradox  may  be  farther  confirm’d  from  the  common  phe- 
nomena of  glafs  bubbles,  the  explication  whereof  is  as  follows.  The  bub- 
ble X,  confiding  of  glafs,  which  is  fpecifically  heavier  than  air,  which  is  Fig.  6 , 
lighter  than  water,  and  of  water  itfelf ; whilfl  the  whole  compofition  is 
lighter  than  an  equal  bulk  of  water,  it  will  float ; but  if  it  grows  heavier 
than  fo  much  water,  it  mud,  according  to  the  laws  of  hydrodatics,  fink. 
When,  therefore,  there  happens  any  confiderable  prefifure  upon  the  water 
wherein  the  bubble  is  generally  immerfed ; fince  glafs  is  a folid  body,  and 


“ the  vulgar,  is  only  the  excefs  of  their 
“ real  weight  above  that  of  the  air.  And, 
“ therefore,  they  call  thofe  things  light, 
“ which  being  lefs  heavy  than  the  air, 
“ and  yielding  to  its  greater  gravity, 
“ mount  upwards.  But  thefe  bodies  are 
“ only  comparatively  light,  not  really  fo  ; 
“ for  they  will  defeend  in  vacuo.  Thus 
“ bodies,  which  by  reafon  of  their  greater 
“ or  lefs  gravity,  defeend  or  afeend  in 
“ water,  are  but  comparatively  and  ap- 
“ parently  heavy  or  light;  and  their  com- 


<(  parative  and  apparent  levity,  is  the  ex- 
“ cefs  or  defett,  whereby  their  real  gra- 
“ vity  either  exceeds  or  falls  (hort  of  the 
“ gravity  of  water.  But  whatever  bodies 
“ neither  defeend  by  pregravitating,  nor 
“ afeend  by  yielding  to  one  that  pregravi- 
“ tates ; tho’  they  ftill,  by  their  real  weights, 
“ increafe  the  weight  of  the  whole ; yet 
“ comparatively,  and  in  a popular  fenfe, 
“ they  do  not  weigh  in  water.”  Nezvto/i . 
Princip.  p.  264. 


water 
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Statics,  water  incompreflable,  but  the  air  included  in  the  bubble,  elaftic,  and  eafily 
comprefled  ; this  will  fhrink,  and  fo  poflefiing  lefs  fpace  than  before,  the 
contiguous  water  will  fucceed  in  its  place  ; which  being  a body  that  is  a 
thoufand  times  fpecifically  heavier  than  air,  the  bubble  thereby  becomes 
heavier  than  an  equal  bulk  of  water,  and  confequently  finks  : but,  upon 
the  removal  of  this  prefiure,  the  pent-up  air  will,  by  its  own  fpring,  free 
itfclf  from  the  intruding  water  •,  whence  the  compofition  of  the  bubble 
growing  lighter  than  an  equal  bulk  of  water,  it  will,  from  the  bottom, 
immediately  emerge  to  the  top. 

2.  Into  a long  glafs  pipe,  fealed  at  one  end  and  open  at  the  other,  pour 
common  water,  till  about  half  a yard  thereof  remains  unfill’d.  In  the 
next  place  poife  a glafs  bubble,  with  a (lender  neck,  fo  that  a fmall  ad- 
dition of  weight  would  fink  it  ; and  place  it  on  the  furface  of  the  water  in 
the  tube;  then  continue  pouring  oil  of  turpentine  gently  thereon,  till  it  rifes 
to  a fufficient  height;  when  the  bubble  will  defcend  to  the  bottom,  and 
there  continue  as  long  as  the  oil  remains  at  that  height  above  the  water. 
The  reafon  whereof  is,  that  the  oil,  tho’  lighter  than  water,  gravitates 
upon  that  fluid  below  it,  and  thereby  forces  a part  thereof  into  the  open 
orifice  in  the  neck  of  the  bubble,  which  thence  becomes  heavier  than  an 
equal  bulk  of  water,  and  confequently  defcends  to  the  bottom  ; and  the 
caufe  of  this  fubmerfion,  the  prelTure  of  the  oil,  continuing,  it  muft  necef- 
iarily  remain  there.  In  confirmation  hereof,  it  may  be  added,  that  if  the 
cylinder  of  oil  be  diminilh’d,  or  taken  away,  the  bubble  will  again  afcend 
to  the  top  of  the  water  ; becaufe  the  water  being  reliev’d  from  the  pref- 
fure  of  the  oil,  the  air,  by  virtue  of  its  own  elafticity,  recovers  its  former 
dimenfions,  and  thereby  renders  the  bubble  as  light  as  before. 

3.  The  firfb  paradox  may,  alfo,  be  confirmed  by  the  following  experi- 
ment. Having  provided  a tube  and  bubble,  as  juft  mention’d,  pour 
water  into  the  tube,  to  the  height  of  6 inches,  then  caft  in  the  bubble,  and 
.keep  it  conftantly  plung’d  below  the  furface,  whilft  more  water  is  (lowly 
pour’d  into  the  tube  , to  a confiderable  height ; when,  the  bubble,  which 
before  attempted  to  emerge,  will  by  the  additional  weight  of  the  incum- 
bent water,  be  deprefled  to  the  bottom  of  the  tube,  and  there  continue, 
whilft  the  fame  weight  of  water  remains. 

4.  Tho’  the  weight  of  the  incumbent  water  alone  here  caufes  the  bub- 
ble to  fink,  yet,  if  it  were  not  kept  immerfed,  a (till  greater  weight  of 
water  would  not  deprefs  it;  becaufe,  being  left  to  itfelf,  it  would  rife 
with  the  fluid,  and  never  permit  the  fame  to  come  fufficiently  above  it  for 
that  purpofe.  And  that  the  weight  of  the  incumbent  water  really  finks 
the  bubble,  and  keeps  it  at  the  bottom,  appears  from  taking  away  a fuf- 
ficient part  thereof ; for,  when  that  is  done,  the  bubble  will  prefently,  and 
of  itfelf,  begin  to  float  up  towards  the  furface,  from  whence  it  may  ea- 
fily be  made  to  fubfide,  by  pouring  back  the  fame  water  that  was  taken  out. 

5.  The  reafon  why  oil  of  tartar  j>er  deliquium , was  not  here  made  ufe 
of,  inftead  of  fair  water,  is,  that  in  fuch  fmall  pipes,  as  thofs  employ’d 
about  the  firft  experiment,  I found  that  liquor  fo  ponderous,  as  to  flow 

down 
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down  into  the  oil  of  turpentine,  whilft  the  oil  pa  fifed  upwards  by  it,  along  Statics. 
the  other  fide  of  the  tube : whence  lam  furprized,  that  M.  Pafchal  fhould 
fay,  that  if  a tube  about  14  feet  long,  with  one  orifice  placed  14  feet  under 
water,  be  full  of  quick- filver,  it  will  not  all  run  out  thereat,  tho’  the  top 
be  expofed  to  the  air,  but  flop  at  the  height  of  one  foot  ; becaufe  the  mo- 
ment it  acquires  in  falling,  mud,  probably  caufe  the  whole  to  come  out. 

My  own  trials  with  quick-filver,  and  fmall  tubes,  with  this  more  favoura- 
ble circumflance  of  oil  of  turpentine,  and  oil  of  tartar,  tempt  me  to  fuf- 
pedt,  that  M.  Pafchal  never  made  the  experiment,  at  leaft,  not  in  a tube  fo 
large  as  his  fcheme  fuppofes.  Experiments,  that  are  only  true  in  fpecu- 
lation,  fhould  be  propofed  as  fuch,  for  they  may  often  fail  in  practice. 

6.  This  fecond  paradox,  1 am  fenfible,  contradidls  the  current  opinion 
of  the  fchools,  and  even  of  many  modem  mathematicians,  and  writers  in 
hydroftatics;  but  whether  the  caufe  of  gravity  be  the  trufion  of  any  fu- 
perior  fubftance;  or  the  magnetic  attradlion  of  the  earth,  &c.  there  is  in 
every  heavy  body,  a conflant  tendency  towards  the  centre  of  the  earth, 
that  cannot  be  deftroy’d  by  the  interpofition  of  another  heavier  body,  tho* 
its  nearer  approach  towards  the  centre,  may  be  hindred  thereby  •,  the  lat- 
ter, from  its  greater  gravity,  obtaining  the  lower  place.  But  then,  the 
lighter  body  tending  downwards,  mufl  needs  prefs  upon  the  heavier  that 
lies  in  its  way  ; andjointly  therewith,  prefs  upon  whatfoever  body  fup- 
ports  them  both,  with  a weight  made  up  of  their  united  gravities.  Some 
men  of  learning  are  kept  from  acknowledging  this  truth,  by  finding  that 
a lighter  fluid,  furrounded  by  a heavier,  does  not  defeend,  but  emerge  to 
the  top  ; whence  they  confider  the  former,  not  as  a heavy  body,  but  a 
light  one.  ’Tis  true,  in  refpedl  of  the  heavier  liquor,  the  lefs  heavy  may 
be  called  light ; yet  it  ftill  retains  its  own  abfolute  gravity,  or  tendency 
downwards,  as  ftrongly  as  before  •,  tho*  by  a contrary  and  more  power- 
ful tendency  of  the  contiguous  liquor  upwards,  fuch  its  endeavour  does 
not  appear.  Thus  whilft  a piece  of  light  wood  emerges  from  under 
water,  it  retains  its  gravity  in  its  afeent,  being  only  buoy’d  up  by  the  wa- 
ter whofe  fpecific  gravity  is  the  greater;  fo  that  the  fum  of  the  water, 
and  the  afeending  wood,  weighs  more  than  the  water  alone  would  do  ; 
and  therefore,  when  this  wood  floats,  with  fome  part  above  the  furface  of 
the  water,  a lighter  body  a&ually  gravitates  upon  a heavier.  Thus,  alfo, 
were  a man  weigh’d  in  a balance,  with  a ftone  in  his  hand,  which  he  lifts 
above  his  head  ; tho’  that  may  feem  light,  in  refpedl  of  his  body,  yet  it 
lofes  nothing  of  its  natural  weight,  neither  during  its  afeent,  nor  after- 
wards: for  the  hand  that  raifes  it  up,  will  conftantly  perceive  its  tendency 
downwards,  and  the  ftone ; and  the  man  together,  will  weigh  no  lefs  in 
the  fcale,  than  if  he  did  not  fupport  it,  but  both  were  weigh’d  a- part, 
and  their  refpedive  weights  afterwards  added  together.  And  thus,  lallly, 
if  a glafs  of  water,  with  a large  quantity  of  common  falc,  in  powder, 
be  balanced  in  the  fcale,  whilft  the  fait  gradually  dififolves  and  becomes 
one  body  with  the  water  ; yet  the  weight  here  will  not  be  diminifh’d  as  the 
fait  comes  to  be  fupported  by  the  fluid  ; but  both  together  will  gravitate, 
as  at  firft,  on  the  fcale  that  fupports  them.  ^ A? 
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\S~ST%J  PARADOX  III. 

If  a bod y be  wholly , or  in  party  immerfed  below  the  furface  of  water,  its  lower 
part  will  be  preffed  upwards  by  the  water  contiguous  to  it,  from  beneath. 

This  appears  from  the  firft  experiment ; for  where-ever  the  loweft  part 
of  the  body  be,  in  either  cafe,  fuppofed,  all  the  parts  of  the  plain,  where- 
in it  refts,  are  prefled  upwards.  And  if  this  force  under  the  body  be  great- 
er than  that  wherewith  it  tends  downwards,  ’twill  buoy  it  up  ; but  if  the 
body  be  fpecifically  heavier  than  water,  the  tendency  of  the  contiguous 
fluid  from  beneath  upwards,  proves  only  ineffedlual  to  raife  or  fupport  it, 
but  is  by  no  means deftroy’d  ; the  heavy  body  being  conftantly  refilled  and 
retarded  by  the  water,  as  it  would  be  in  a pair  of  fcales,  were  it  hung  at 
one  end,  and  an  equal  bulk  of  water  at  the  other  end  of  the  beam.  ° 
The  fame  truth  is  farther  manifeft  from  the  third  experiment ; for  if  the 

F *£•  S-  tube,  wherein  the  water  is  fufpended,  be  plunged  deeper  into  the  oil,  or  if 

more  oil  be  poured  into  the  vefiel,  the  water  in  the  tube  will  rife  the  higher ; 
which  could  not  happen,  unlefs  the  oil,  tho’  fpecifically  lighter,  prefled 
againfl  the  lower  furface  of  the  water  more  forcibly  than  the  water  tends, 
by  its  gravity,  downwards.  And  even  when  the  two  fluids  balance  each 
other,  the  oil  continually  preflfes  upwards  againfl:  the  lower  furface  of  the 
water;  for  herein  confifts  its  conftant  reflftance  to  the  perpetual  endeavour 
of  the  water  to  defcend.  And  flnce  the  fame  phenomenon  happens,  whe- 
ther the  water  be  fufpended  in  oil,  or  vice  verfa,  the  propofition  holds  e- 
qually  true,  let  the  body  be  fpecifically  heavier,  or  lighter  than  the  fluid 
wherein  it  is  immerfed. 


SCHOLIA. 

1.  That  water  makes  a reflftance  to  bodies  which  fink  therein,  is  thus 
demonftrated.  Suppofe  the  pipe  E F contains  oil  of  cloves,  or  any  other 

Fig.  7.  oil*  that  is  fpecifically  heavier  than  water ; that  the  oil  in  the  tube,  and  the 
external  water,  are  in  equilibrium  ; and,  laftly,  the  pipe  to  be  flowly  rai- 
led towards  the  top  of  the  vefiel:  ’tis  evident,  that  drops  of  oil  will,  du- 
ring the  tube’s  afcent,  fall  from  the  bottom  thereof  to  that  of  the  glafs  5 
but  much  more  flowly  than  if  they  fell  in  the  fame  manner  thro*  air. 

2.  To  compute  the  quantity  of  preflure  againfl  the  lower  parts  of  a 
drop,  fuppofe  it  to  be  G,  touching  the  plain  H I ; we  muft  obferve,  that 
if  the  drop  of  oil  were  not  there,  its  place  would  be  fupplied  by  an  equal 
bulk  of  water,  which  being  of  the  fame  fpecific  gravity  with  the  reft  of 
the  fluid  in  the  vefiel,  the  furface  H I would  be  every  where  equally 
pr-eATed,  and  confequently  no  part  thereof  bedifplaced.  But  the  drop  of 
oil  being  heavier  than  an  equal  bulk  of  water,  that  part  of  the  furface 
whereon  it  refts  is  more  prefled  than  any  other  equal  part  of  the  fame; 
and  therefore  will  give  way  to  the  defcending  drop.  And  as  this  muft 
be  the  cafe  in  all  the  other  furfaces,  as  well  as  in  H I,  the  drop  will  conti- 
nue 
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nue  falling,  till  it  arrives  at  the  bottom  of  the  glafs.  And  if  the  drop  G Statics. 
were  not  fpecifically  heavier  than  water,  but  barely  equal  thereto,  the  con- 
tiguous  part  of  the  furface  H I would  be  no  more  prefled  than  the  other 
equal  parts  thereof,  and  confequently  it  would  be  neither  denrefied  nOr  rai- 
fed,  but  the  drop  G continue  in  the  fame  place : whence  we  conclude,  with 
Archimedes , and  others,  that  a body  immerfed  in  a fluid,  of  the  fame  fpe- 
cific  gravity  with  itfelf,  will  reft  at  any  afiignable  depth  therein.  Since, 
then,  if  the  drop  G be  of  the  fame  fpecific  gravity  with  water,  it  will  nei- 
ther fink,  nor  emerge  *,  if  it  be  heavier,  ’twill  only  fall  by  the  weight 
whereby  it  exceeds  an  equal  bulk  of  water  ; for  this  alone  is  the  caufe  of 
its  defcent,  the  other  being  wholly  refilled  by  the  water  ; and  confequently 
it  lofes  in  the  water  the  weight  of  an  equal  bulk  of  water,  weighed  in  the 
air. 

3.  This  grand  theorem  is  thus  eafily  confirm’d  by  experiment.  Hang 
a piece  of  lead,  tied  to  an  horfe-hair,  from  one  fcale  of  an  exadt  balance, 
counterpoife  it,  and  fuffer  the  lead  to  fink  down,  and  hang  freely,  in  a vef- 
fel  of  water  •,  and  you  will  find  the  former  counterpoife  much  too  heavy 
.for  the  lead  , part  of  it,  therefore,  being  taken  away,  till  the  balance  be 
reduced  to  an  equilibrium,  ’tis  eafily  feen  what  proportion  of  weight  is 
loft  in  the  water.  If,  then,  another  piece  of  lead  be  weigh’d  in  air,  where 
it  equals,  fuppofe,  1 2 ounces,  and  afterwards  be  hung  to  the  fcale  by  an 
horfe-hair,  as  the  former,  and  weigh’d  in  water,  you  may  conclude  that 
1 1 ounces,  (fuppofing  lead  to  be  to  water  as  12  to  1)  put  in  the  oppofite 
fcale,  will  now  reduce  the  beam,  how  uneven  foever  it  might  hang  in  the 
air,  to  an  horizontal  pofition. 

COROLLARIES. 

1.  From  this  prefiure  of  water  againft  the  lower  furface  of  bodies  im- 
merfed therein,  may  be  deduced  the  caufe  why  light  fubftances  emerge  to 
the  top  thereof,  which  has  hitherto  remain’d  an  inexplicable  phenomenon. 
Suppofing,  then,  a pipe  almoft  filled  with  oil  of  turpentine  ; if,  as  in 
our  firft  experiment,  the  lower  orifice  be  plunged  under  water,  tho’ not 
near  fo  deep  as  the  oil  is  high,  and  the  upper  end  be  gradually  unftopp’d, 
the  oil  will  fall  in  drops  from  the  bottom  of  the  tube,  and  prefently  emerge 
to  the  furface  of  the  water,  notwithftanding  they  are  prefled  as  well  down- 
wards as  upwards:  the  reafon  whereof  is,  that  the  upward  tendency  of 
the  water,  contiguous  to  the  lower  furface  of  the  oil,  is  ftronger  than  the 
tendency  of  the  oil,  and  the  incumbent  water  downwards.  Thus,  when 
the  drop  G touches  the  two  parallel  plains  H I,  KL,  ’tis  evident,  that  Fig.  7, 
the  lower  part  of  the  drop  G is  more  prefled  by  the  water  than  the  upper 
part  M,  becaufe  upon  the  whole  furface  K L there  is  only  an  uniform 
prefiure  of  the  water  A K B L,  whilft  upon  all  the  parts  of  the  furface 
HI  there  lies  a greater  quantity  of  water,  A H B I,  except  upon 
the  part  N,  where  the  oil  G being  lighter  than  an  equal  bulk  of  water, 
and  expofed  to  a greater  prefiure  from  beneath,  than  its  own  gravity,  with 
that  ot  the  incumbent  water,  can  refill  ; it  mull  necefiarilv  give  way,  and 
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Statics,  be  impelled  upwards.  And  as  the  fame  reafoning  holds  for  all  the  points 
in  its  afcent,  it  mult  confequently  be  driven  gradually  to  the  furface,  and 
there  float.  Or,  in  other  words,  when  any  body,  fpecifically  lighter  than 
water,  is  immerfed  in  that  fluid,  it  fuftains  the  preflure  of  two  columns  of 
water,  one  againfl:  its  upper,  and  the  other  againfl:  its  lower  part •,  and  as 
the  height  of  thefe  columns  muft  be  computed  from  the  top  of  the  water, 
the  lower  part  of  the  immerfed  body  is  preflfed  upon  by  a column  longer 
than  that  which  prefles  upon  the  upper,  by  the  thicknefs  of  the  body, 
which  therefore  will  be  preflfed  more  upwards  than  downwards.  And  the 
greater  difference  there  is  in  the  fpecific  gravities  of  the  water  and  the  body 
made  ufe  of,  the  fwifter,  c ceteris  paribus,  will  be  the  afcent,  becaufeofthe 
greater  preflure  upon  all  the  other  parts  of  our  imaginary  plain,  than  up- 
on that  which  is  contiguous  to  the  bottom  of  the  afcending  body. 

2.  Hence  alfo  we  may  folve  that  hydroffatical  problem  ; why  if  two 
cylindrical  pieces  of  wood,  one  of  them  twice  the  length  of  the  other,  be 
plunged  to  an  equal  depth  under  water,  and  thence  fuffer’d  to  emerge,  at 

Fig.  7,  the  fame  time,  the  longer  gains  the  top  before  the  fhorter : for  fuppofe  O P 
to  be  one  of  thefe  bodies,  and  two  feet  long,  QJl  the  other,  and  one  foot, 
and  that  they  both  reft  upon  the  fame  plain,  parallel  to  the  upper  furface 
of  the  water,  and  three  feetdiftant  therefrom  •,  there  will  be  a lateral  pref- 
fure  of  the  incumbent  water  upon  the  lower  ends  of  each  of  thefe  bodies, 
as  great  as  that  upon  the  equal  parts  of  the  plain  whereon  they  reft , but 
upon  the  upper  end  of  the  Ihorter  body  QJl  there  will  prefs  a column  of  " 
water  two  feet  high,  whilft  the  taller  PO  fuftains  only  a pillar  of  one 
foot  •,  fo  that  both  being  fpecifically  lighter  than  water,  they  will  be  im- 
pell’d  upwards  : but  the  column  confiding  of  one  foot  of  wood,  and  two 
feet  of  water,  will,  by  its  gravity,  refift  this  impulfe  more  than  that  which 
is  made  up  of  two  feet  of  wood,  and  but  one  of  water  ; whence  the  reafon 
of  their  unequal  velocities  is  evident.. 

3.  From  hence  alfo  we  may  probably  deduce  the  reafon  why,  in  didd- 
ling aromatic  oils,  with  water,  the  whitifh  liquor,  which  frequently  comes 
over,  long  continues  turbid  ; for  this  chiefly  proceeds  from  the  exceeding 
minutenefs  of  the  drops  whereof  it  confifts,  allowing  the  height  of  the 
water,  prefling  upon  the  upper  part  thereof,  to  be  aknoft  as  great  as  that 
which  prefles  againfl:  the  lower,  fo  that  the  drops  are  raifed  but  very  (low- 
ly, tho*  they  will,  at  length,  emerge;  efpecially  when,  by  their  frequent 
occurfions,  they  have  form’d  drops  of  a larger  fize. 

4.  From  this  propofition  it  likewife  follows,  that  all  bodies  floating 
upon  a fluid,  fink  till  the  irimmerfed  part  be  exa&ly  equal  in  bulk  to  fuch 
a quantity  of  the  fluid  as  equals  the  whole  weight  of  each  body.  For  in- 

Fig.  8.  dance,  if  V be  a cubic  yard  of  wood,  6 pounds  in  weight  *,  fince  ’tis  hea- 
vier than  air,  it  will  fink  in  water,  fuppofe  to  the  plain  X W,  where  it 
mud  neceffariJy  reft  ; for  all  the  other  equal  parts  of  that  plain  X W be- 
ing prefled  upon  by  columns  of  water,  equal  in  height  to  X A,  il  the  whole 
weight  of  the  cube  be  greater  than  that  of  as  much  water  as  equ  Is  the 

immerfed 
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immerfed  part  thereof,  it  mud  fink  lower,  becaufe  the  fubjacent  part  at  V,  Statics. 
would  then  be  more  charged  than  the  reft.  On  the  contrary,  if  the  cube  iyYV 
were  lighter  than  the  water,  whofe  place  the  immerfed  part  po defies,  it 
muft,  by  the  greater  prefiure  of  the  water  upon  the  other  parts  of  the 
plain  X W,  than  upon  that  contiguous  to  the  wood  at  V,  be  imped’d  up- 
wards, till  the  prefiure  of  the  whole  cube  upon  the  part  that  fuftains  it  Be 
equal  to  that  of  the  water  upon  the  reft  of  the  plain,  and  confequently 
be  the  fame  with  the  water  whofe  place  the  immerfed  part  pofiefies  ; the 
lightnefs  of  that  part,  in  refpedt  of  fo  much  water,  being  compenfated 
by  the  weight  of  what  remains  unimmerfed  above  the  level  of  the  water. 

Thus,  when  a piece  of  wood  is  thrown  into  water,  tho’  the  moment  it  ac- 
quires in  falling  carries  it  thro’  many  imaginary  plains  below'  its  proper 
lfation  *,  yet  the  fuperior  prefiure  to  which  each  of  thofe  plains  is  expofed 
in  all  other  parts,  but  in  that  contiguous  to  the  bottom  of  the  wood, 
prefently  impels  it  up  again,  till  at  length  it  refts  in  the  place  we  have  af- 
iign’d  it. 

SCHOLIUM. 

This  ingenious  and  ufeful  propolition,  relating  to  floating  bodies,  is 
mathematically  demonftrated  by  Archimedes  and  his  commentators,  and 
may  be  farther  manifefted  to  the  eye  by  the  following  experiment.  Having 
poured  a convenient  quantity  of  water  into  a large  deep  glafs,  and  placed 
another  deeper,  that  was  properly  fhaped  for  fwimming,  within  it ; we 
furnifh’d  the  latter  with  balaft,  a deck,  and  other  parts  of  a fhip,  till  it 
funk  down  to  fome  particular  marks  we  had  placed  on  the  outflde.  Then 
obferving  how  high  the  water  reach’d  in  the  larger  vefiel,  we  carefully 
placed  two  or  three  marks  in  a level  with  the  horizontal  furface  of  the 
water  ; and  taking  out  the  floating  glafs,  we  wiped  the  outflde  dry,  and 
weigh’d  it,  with  all  its  rigging,  in  an  exadt  pair  of  fcales,  and  afterwards 
pour’d  an  equal  weight  of  water  into  the  large  glafs,  which  we  found  reach’d 
up  to  the  marks  whereto  our  counterfeit  fhip  had  raifed  it.  This  experi- 
ment we  feveral  times  repeated  in  vefiels  of  different  fizes,  fhapes,  and  la- 
ding. From  whence  it  appears,  that  the  floating  vefiel,  with  all  it  con- 
tained and  fupported,  was  equal  in  weight  to  the  water  whofe  bulk  equall’d 
the  immerfed  part  of  the  vefiel,  had  it  been  cut  off  from  the  other,  by  a 
plain  continu’d  from  the  horizontal  furface  of  the  water.  This  theorem, 
with  what  we  have  brought  to  confirm  or  illuftrate  it,  may  be  apply’d, 
mutatis  mutandis , to  a fhip  with  all  her  rigging  and  lading  ; for  ’tis  uni- 
verfal,  that  the  weight  of  a floating  body  equals  that  of  the  water  whofe 
fpace  the  immerfed  part  pofiefies.  And  hence  the  learned  S'tevinus  fome- 
where  fays,  that  a whole  fhip,  with  whatever  belongs  to  it,  preffes  no 
more  upon  the  bottom  it  floats  over,  than  a bulk  of  water  equal  to  the 
immerfed  part  of  its  hull. 


Q.q  2 
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Statics. 


PARADOX  IV. 

A competent  preflure  of  an  external  fluid  is,  alone,  fuflicient  to  raife  the  water 

in  pumps. 


The  truth  of  this  proportion  may  appear  from  the  preceding  experi- 
ments-, however,  we  (hall  give  it  a farther  illuftration  and  proof,  as  follows. 

Suck  deeply  tinged  water  into  a (lender  glafs-pipe,  to  the  height  of  an 
inch  ; and  nimbly  (lopping  the  upper  orifice,  immerfe  the  lower  end  into 
a glafs  half  fill’d  with  the  fame  tinged  liquor,  till  the  furface  of  that  in  the 
pipe  be  an  inch  below  the  top  of  the  external  fluid  *,  next,  pour  oil  of  tur- 
pentine thereon,  till  it  fvvim  three  or  four  inches  above  the  water  ; when 
eafing  your  finger,  gently,  from  the  upper  orifice  of  the  pipe,  to  admit  a 
communication  between  the  internal  and  external  air,  the  liquor  in  the* 
tube  will  be  impell’d  up  almoft  as  high  as  the  furface  of  the  external  oil. 
Now,  it  cannot  here  be  pretended,  that  the  afeent  of  the  liquor,  in  the 
pipe,  is  owing  to  nature’s  abhorrence  of  a Vacuum  fince,  as  the  pipe  is 
full  of  air,  and  its  orifice  open,  there’s  no  danger  of  a Vacuum,  tho’  the 
water  did  not  rife  ; the  air  and  water  remaining  contiguous  as  before. 
The  true  reafon,  then,  of  this  afeent,  is,  that  upon  all  the  other  parts  of 
the  imaginary  plain  cutting  the  immerfed  end  of  the  tube,  there  is  a pref* 
fnreof  water  and  oil  fwimming  thereon,  equal  to  four  or  five  inches  height 
of  water  ; whilft,  upon  that  part  where  the  liquor  contain’d  in  the  pipe 
reds,  there  is  only  the  preflure  of  one  inch  of  water  -,  whence  the  parts 
near  the  immerfed  orifice,  mud  be  neceflarily  thruft  out  of  their  places  by 
thofe  of  the  water  that  are  more  prefled,  till  fo  much  liquor  be  forced  up 
into  the  pipe,  as  makes  the  preflure  on  that  part  of  the  imaginary  plain 
equal  to  that  of  every  other  filch. part  *,  when  the  water  will  rife  no  far- 
ther, but  by  reafon  of  the  equilibrium,  reft  a little  below  the  furface  of 
the  oil  -,  the  fpecific  gravity  of  this  being  lefs  than  that  of  water.  In  like 
manner,  it  may  happen  in  pumps  for  as  the  oil  of  turpentine,  tho*  lighter 
than  water,  by  refting  upon  the  furface  of  the  external  fluid,  forces  up 
the  liquor,  within  the  pipe,  far  above  the  external  water  ; fothe  air,  tho* 
lighter  than  oil  of  turpentine,  reaching  to  the  height  of  many  miles,  and 
refting  upon  the  water  in  a well,  will  prefs  that  water  up  the  cylindrical 
cavity  of  a pump  much  higher,  if  all  impediments  were  removed,  than 
the  furrounding  water.  Now  the  obftaclehere  is  either  the  fucker,  or  the 
preflure  of  the  external  air ; the  whole  ufe  of  the  fucker  is,  therefore,  to 
free  the  water  in  the  pipe  from  any  impediment  to  its  afeent  *,  as,  in  our 
experiment,  the  fides  of  the  tube  fufficiently  defend  the  water  therein  from 
any  preflure  of  the  external  oil  that  might  obftrueft  its  rifing.  Laftly,  as 
the  liquor  in  our  pipe  was  forced  up,  till  the  cylinder  raifed,  became  a ba- 
lance to  the  preflure  of  the  water  and  oil  on  the  outfide  ; fo  in  pumps,  the 
water  rifts  but  to  a certain  height,  viz.  thirty-three,  or  thirty-four  feet, 
beyond  which  it  cannot  be  impell’d  ; becaufe  at  that  ftandard  the  preflure 
of  the  water  in  the  pump  upon  that  part  of  the  imaginary  plain  wherein  its 

lower 
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lower  orifice  lies,  is  the  fame  with  that  the  other  equal  parts  thereof fufla in,  Statics. 
from  fo  much  of  the  external  water  and  atmofphere  as  refts  thereon.  And  L/TV1 
this  may  fuffice  to  fhew,  that  nothing  more  than  a competent  weight  of 
an  external  fluid,  fuch  as  the  air,  is  requifite  to  raife  the  water  in  pumps. 

SCHOLIUM. 

For  a farther  confirmation  of  this  propofition,  and,  at  the  fame  time, 
to  fhew  that  a fmall  quantity  of  quick-filver  may  be  fufpended  in  an  open 
tube  ; I fhall  here  offer  another  experiment.  Having  fuck’d  into  the  lower 
end  of  an  open  glafs-tube,  the  diameter  ofwhofe  bore  was  above  the  fixth 
of  an  inch,  near  half  an  inch  height  of  quick-filyer,  and  nimbly  flopped 
the  upper  end  with  my  finger ; I plunged  the  mercury  into  a deep  glafs  of 
oil  of  turpentine,  being  careful  not  to  open  the  upper  orifice,  till  the  quick- 
filver  was  funk  eighteen  or  twenty  times  its  own  height  below  the  furface 
of  the  oil:;  after  which,  it  remain’d  fufpended,  while  the  tube  continued 
unftopped,:  and  as  if  I;  railed  it  towards  the  upper  furface  of  the  oil,  it 
would  drop  out ; fo  if  I depreffedit  deeper,  into  that  fluid,  it  would  be 
impelled  higher  up  into  the  pipe  : and,  by  this  means,  fo  ponderous  a 
body  as  mercury  was  made  fometimes  to  rife,  and  fometimes  to  fall,  but 
flail  to  continue  fupported  by  a liquor  fpecifically  lighter  than  common 
fpirit  of  wine.  This  experiment,  however,  may  eafily  mifcarry,  unlefs 
great  care  be  ufed  ; and,  after  all,  the  oil  will  foon  inflnuate  itfelf  between 
the  fides  of  the  pipe,  and  fo  fhort  a cylinder  of  mercury  ; for  which  rea- 
ion,  I here  prefer  water  to  oil  of  turpentine* 

COROLLARY. 

Since  a cylinder  of  mercury,  about  thirty  inche&high,  is  equal  in  weight 
to  one  of  water,  about  the  height  of  thirty- three,  or  thirty- four  feet ; ’tis 
evident,  that  the  preffure  of  the  external  air,  which  can  raife  and  fufpend 
that  height  of  water,  will  do  the  fame  to  the  proportionable  one  of  mer- 
cury, in  die  Torricellian  experiment. 

PARADOX.  V* 

The  'preffure  of  an  external  fluid  will  keep  an  heterogeneous  liquor  fufpended  at  the 
fame  height , in  tubes  of  very  different  bores .. 

Pour  a fufficient  quantity  of  deeply  tinged  water  into  a clear,  deep, 
wide- mouth’d  glafs,  and  clofe  it  with  a broad,  thin  cork,  wherein  various 
round  holes,  of  different  magnitudes,  have  been  burnt  v into  each  of  which 
you  may  thruft  an  open  glafs-tube  of  a correfponding  fize,  fo  that  they 
may  Hand  parallel  to  one  another,  and  perpendicular  to  the  furface  of  the 
fluid,  wherein  they  are  immerfed.  Befides  thefe  holes,  another  aperture 
muft  be  made  in  the  cork,  to  receive  the  fmall  end  of  a glafs-funnel,  by 
means  whereof,  oil  may  be  conveyed  into  the  veffel,  when  flopped  ; and 
in  the  (lender  part  of  this  funnel,  ’tis  proper  to  place  fome  cotton,  to  break, 
the  force  of  the  defeending  oil,  which  might  otherwife  rruftrate  the  expe- 
2 riment. 
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Statics,  rimcnt.  Things  being  thus  prepared,  pour  oil  of  turpentine  thro’  the  fun* 
nel,  till  the  tinged  water  be  prefired  up  into  all  the  pipes,  and  rife  to  a 
confiderable  height  therein,  above  the  lower  furface  of  the  oil ; when  you’ll 
plainly  perceive  the  liquor  to  (land  at  the  fame  level,  both  in  the  greater 
and  fmaller  tubes,  while  in  each  it  is  plainly  fudain’d  at  that  height  above 
the  other  water,  by  the  p refill  re  of  the  external  oil  ; which  being  fpecifi- 
cally  lighter  than  water,  its  furface  will  remain  fomewhat  higher  on  the 
outfide  of  the  tubes,  than  the  tinged  water  they  contain.  And  if,  by  means 
of  a fyphon,  apply’d  in  the  place  of  the  funnel,  the  oil  be  gradually 
drawn  off  from  the  water ; as  the  depth  and  prefiure  of  the  famedecreafes, 
the  liquor  in  all  the  pipes,  both  great  and  fmall,  will  gradually  fubfide. 

Fig.  For,  fuppofe  E F,  the  furface  of  the  water  within- fide  of  the  tubes,  as  well 

as  without  them,  before  any  oil  fwims  upon  it  *,  the  lightnefs  of  that  fluid, 
compared  to  water,  will  prevent  it,  when  pour’d  thereon,  from  getting 
into  the  cavity  of  the  pipes  L,  M,  N : and,  therefore,  rifingon  the  outfide 
thereof,  it  mud,  by  its  gravity,  prefs  the  water,  and  impel  it  up  into 
them.  And  if  the  upper  furfaceof  the  oil  reach  to  G H,  and  that  of  the 
water  defcend  to  I K ; by  means  of  the  quantity  of  oil  made  ufe  of,  the 
liquor  in  the  pipes  ought  to  have  its  feveral  upper  furfaces  in  the  lame 
level  with  each  other,  notwithftanding  the  great  inequality  of  their  bores ; 
fince  that  part  of  the  plain  I K,  whereon  refts  the  circular  orifice  of  the 
larged  tube  L,  is  no  more  prefled  by  the  incumbent  water,  than  any  other 
equal  part  of  the  fame  is  by  the  oil  it  fudains  *,  the  oil  having  only  an 
additional  height  on  the  plain  I K,  to  balance  the  prefiure  of  the  liquor  in 
the  pipe.  And  tho’  the  tube  L were  twice  its  prefent  bignefs,  ’twould 
but  prefs  the  fubjacent  plain  I K,  equally  with  the  oil  on  the  other  equal 
parts.  Nor  ought  this  prefiure  of  the  external  oil  to  raife  the  water  in 
the  (lender  pipe  N,  above  the  furface  Q,  in  the  fame  level  with  O;  for 
were  the  liquor  higher  in  the  fmall  pipe,  it  mud  prefs  that  part  of  the  plain 
I K,  whereon  it  reds  with  a force  fuperior  to  that  of  the  oil  upon  the 
other  parts  of  I K,  which  is  greater  than  the  oil  could  refid  ; whence,  con- 
fequently,  the  liquor  in  the  (lender  pipe  mud  fubfide,  till  its  furface  fall 
below  that  of  the  external  oil ; for,  till  then,  the  different  fluids  cannot  red 
in  equilibrium.  In  a word,  it  matters  not  how  wide  the  cylinder  of  water 
be,  which  the  oil  istofupport,  provided  it  rife  no  higher  than  the  diffe- 
rence in  the  fpecific  gravities  of  the  two  fluids  will  admit  of ; for  in  this 
cafe,  the  prefifure  of  water  on  the  fuflaining  part  of  the  plain,  will  be 
equal  to  the  prefiure  of  the  external  oil  on  all  the  other  parts  thereof , 
and,  confequently,  the  two  liquors  mud  remain  perfectly  balanced. 

SCHOLIA. 

i.  It  may  here  be  obferv’d,  that  there’s  no  necefllty  the  glafs-tubes 
L,  M,  N,  fhould  be  of  the  fame  length  ; fince,  as  their  lower  orifices  are 
o.pen,  the  liquor  will  rife  to  the  fame  height  within  them,  tho’  they  lie  not 
in  the  fame  plain  below  the  water. 


2.  We 
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2.  We  all  along  fuppofc,  and  particularly  in  the  laft  experiment,  that  Statics. 
the  fmalleft  glafs  tubes  employ’d  are  of  a moderate  fize,  and  not  exceeding  jyyv 
narrow  •,  or,  in  cafe  they  are,  that  allowance  be  made  for  the  property  of 
water’s  rifing  in  them  to  a greater  height,  than  can  be  attributed  to  the 
balance  either  of  water  or  oil,  that  keeps  it  there  fufpended. 

PARADOX  VI. 

The  dire 51  preffure  fuftain'd  by  a body , placed  any  where  under  water , with  its 
upper  furface  parallel  to  the  horizon , is  that  of  a column  of  water , whofe  bafe 
is  the  horizontal  fuperficies  of  the  body , and  height  the  perpendicular  depth  of 
the  water  ; and  if  the  water  preffng  upon  a body , be  contained  in  open  tubes  r 
its  preffure  is  to  be  eftimated  by  a column  of  the  fame , the  bafe  whereof  equals 
the  lower  orifice  of  the  pipe , and  height  a perpendicular  from  thence  to  the  top 
of  the  water : and  this , tho*  the  pipes  fiand  obliquely , be  irregularly  fhapecl * 
or  wider  in  fome parts  than  the faid  orifice . 

The  former  part  of  our  propofition  we  might,  with  Stevinus , make  more 
general,  and  thus  demonftrate.  Suppofe  A B C D,  a folid  re&angular  fi-  Fig.  k* 
gure  of  water,  whofe  bafe  DC,  is  parallel  to  the  horizon,  and  height  GE, 
a^perpendicular  Jet  fall  from  the  upper  to  the  lower  furface  of  the  water  ; 
if  that  part  of  the  bafe  E F,  be  charged  with  more  water  than  G EF  FI, 
the  overplus  muft  come  from  the  adjacent  water  fuppofe  it  then,  if  poftl- 
ble,  to  come  from  A GED,  andHBCF:  then,  for  the  fame  reafon,  the 
bafe  DE,  will  have  more  water  incumbent  thereon  than  AGED;  and 
the  like  may  be  faid  of  F C,  whence  the  whole  bafe  DC  will  fufcain  a 
greater  weight  than  that  of  the  whole  water  ABCD,  which  is  abfurd. 

By  the  like  reafoning  we  prove  that  the  bafe  D C,  fuftains  no  lefs  a weight 
than  that  of  the  water  G H F E ; fince,  then,  it  fuftains  neither  a greater 
weight  nor  a lefs,  than  the  column  of  water  G FIFE,  it  muft  exaftly 
fuftain  the  fame. 

To  this  demonftration  we  fhall  annex  fenfible  experiments,  to  confirm 
and  illuftrate  each  part  of  our  propofition.  Firft  then,  fuck  oil  of  turpen-  Fig  , 
tine  into  a flender  glafs  fyphon,  till  it  fill  the  fhorter  leg,  and  rife  two  or 
three  inches  high  in  the  longer  ; then  nimbly  ftop  the  upper  orifice  with 
your  finder,  and  plunge  the  lower  part  of  the  fyphon  into  a deep  glafs  of 
water,  till  the  furface  of  the  oil  in  the  longer  leg  riles  but  little  higher 
than  that  ot  the  external  water,  and  upon  removing  your  finger,  the  fur- 
lace  of  the  oil  will  either  entirely,  or  almoft,  preferve  its  former  ftation  ; 
when  if  the  fyphon  be  immerfed  deeper,  the  oil  in  the  fhorter  leg  will  be 
deprefs’d  ; but  upon  gently  raifing  the  fyphon  towards  the  top  of  the  wa- 
ter, it  will  exceed  its  former  ftation,  gradually  flow  out  in  drops,  and 
emerge  to  the  furface.  Now,  fince  the  water,  at  firft,  kept  the  oil  in  the 
longer  leg,  lufpended  no- higher  than  it  would  have  been  by  a cylinder  of 
v/ater,  equal  in  bafis  to  the  orifice  of  the  fhorter  leg,  and  reaching,  in 
length,  from  thence  to  the  top  of  the  water,  as  may  be  eafily  feen  in  a 
fyphon  wnh  legs  fufliciently  long;  and  fince,  when  by  raifing  the  fyphon, 
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Statics,  the  height  of  the  incumbent  water  was  diminifh’d,  the  oil  overbalanced 
the  water,  and  run  out  ; it  may  be  fairly  concluded,  that  tho’  much  of  the 
water  in  the  veflel  lay  higher  than  the  immerfed  orifice  of  the  fyphon,  yet 
no  more  gravitated  thereon,  than  what  flood  diredlly  over  it  j that  is,  fuch 
a column  as  our  paradox  requires. 

COROLLARY. 

It  follows  from  hence,  that  water  may  prefs  as  regularly  upon  an  im- 
merfed body,  when  not  retrained  by  pipes,  as  when  included  in  them  ; we 
may,  therefore.,  properly  conceive  a particular  column  of  water,  tho’ it 
has  no  adtual  bounds,  in  an  unlimited  quantity  of  the  fame  fluid. 

The  fir  ft  part  of  our  paradox  holds  equally  true,  whether  the  incumbent 
v/ater  be  free  or  confined  in  vefiels  of  any  irregular  fhape.  Thus,  tho*  the 
fhorter  leg  of  the  fyphon  be  fafhion’d  into  a funnel,  and  filled  with  water, 
the  oil  in  the  other  leg  will  refift  the  preflure  thereof,  fo  that  the  furface 
of  the  oil  in  the  longer  leg  will  rife  but  little  above  that  of  the  water  in  the 
funnel.  For  farther  confirmation  hereof,  we  try’d  the  experiment  in  a 

Fig.  iz.  fyphon,  in  one  leg  whereof,  a glafs  fphere  was  made  to  communicate 
with  the  upper  parts  of  the  fame.  Into  the  uniform  leg  of  this  fyphon,  we 
poured  a proper  quantity  of  oil  of  turpentine,  and  fill’d  the  lower  and  glo- 
bular part  of  the  other  with  water  ; which  proved  inefficient  to  fuftain 
the  oil  at  a greater  height,  than  if  this  leg  alfo  had  been  uniform  : all  the 
water  in  the  fpherical  cavity,  which  fell  not  diredtly  over  the  lower  orifice 
thereof,  being  fupported  by  the  fides  of  the  fame.  And  when  the  irre- 
gular leg  was  fill’d  with  oil,  and  the  other  with  water,  the  former  fluid 
would  not  fuftain  the  latter  to  an  equal  height,  notwithftanding  its  excefs 
of  quantity  contain’d  in  the  concave  fphere.  To  clear  up  this  matter  ftill 
farther,  we  poured  mercury  into  the  fyphon  A BCD,  till  it  almoft 
reach’d  the  bottom  of  the  globular  part,  in  the  fhorter  leg,  and  to  an 
equal  height  in  the  longer  ; then  letting  a proper  quantity  of  water  run 
into  the  longer  leg,  it  imped’d  the  mercury  in  the  fhorter  leg,  till  it 
more  than  half  fill’d  the  cavity  of  the  fpherical  part  E,  the  tube  A B, 
not  proving  fufficiently  long  to  allow  of  its  being  quite  fill’d  ; when  we 
obferv’d  the  furface  of  the  quick- filver  H G,  to  lie  as  high  as  the  different 
fpecific  gravities  of  the  two  fluids  requir’d  : fo  that  notwithftanding  the 
great  weight  of  the  mercury  contain’d  in  the  concave  fphere  E,  no  'more 
prefled  upon  the  fubjacent  (lender  part  of  the  leg  EC,  than  flood  dire&ly 
over  its  lower  orifice  : whence  the  water  in  the  leg  A B,  appear’d  prefs’d 
only  as  much  as  it  the  leg  C D had  been  uniform,  and  without  the  fpheri- 
cal cavity  E.  And  thus,  if  the  fphere  had  been  made  larger,  a frnall 
quantity  of  water  in  the  leg  A B,  would  have  fomewhat  raifed  a much 
greater  weight  of  mercury  than  its  own. 

F>.  13.  The  fecond  part  of  our  prefent  propofition  is  proved  thus.  We  took 

three  open  glafs  pipes,  of  the  irregular  figures  in  the  fcheme,  and  plunged 
them  in  a glafs  velfel  of  water,  the  two  crooked  ones  (landing  very  ob- 
lique to  the  upper  furface  thereof,  and  the  higher  ends  of  them  all  coming 
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thro1  particular  ftrait  holes  made  in  a cork  fitted  to  the  veflel’s  mouth,  Stat 
whilft  the  water  afcended  to  a certain  height,  thro5  the  lower  orifice  of 
every  pipe ; then  pouring  a confiderable  quantity  of  oil  of  turpentine 
thro*  a funnel,  into  the  vefiel,  the  water  was  thereby  impelled  to  the  fame 
height,  of  two  or  three  inches,  into  the  feveral  tubes:  whence  *tis  appa- 
rent, that  notwithftanding  the  irregularity  of  fhape  in  the  pipes,  and  the 
different  widenefs  in  each  of  their  bores,  the  prefTure  of  the  contain’d  wa- 
ter upon  their  lower  orifices  did  not  exceed  that  of  five  cylinders  of  the 
fame,  with  each  of  thofe  orifices  for  bales,  and  the  perpendicular  depth  of 
the  water  and  oil  therefrom  for  their  height.  For  had  each  ol  the  pipes 
contain’d  only  fuch  a cylinder,  its  upper  furface  would  have  flood  at  the 
fame  height ; and  if  it  did  not  deprefs  the  fubjacent  fluid  as  much  as  the 
external  force  tended  to  raife  it,  that  excefs  of  preflure  muft  have  impelled 
it  higher.  Since  then  the  water  rofe  to  the  fame  height  in  the  feveral  pipes, 
tho’  two  of  them,  being  greatly  inclined,  contain’d  much  more  water 
than  if  they  had  flood  eredl ; by  a like  way  of  reafoning,  we  may  con- 
clude, that  the  imaginary  plain  cutting  their  immerfed  ends,  fuftain’d  no 
greater  preflure  than  that  of  a fhorter  eredl  cylinder  of  water.  For  in  all 
cafes  where  the  pipe  is  either  inclined,  or  wider  in  one  part  than  in  another, 
the  weight  of  the  liquor  it  contains  is  not  wholly  fupported  by  the  body 
contiguous  to  the  lower  orifice,  but  in  fome  meafure  by  the  fides  of  the 
pipe.  Thus  when  oil  of  turpentine,  in  a flender  tube,  balances  the  preflure 
of  the  external  water,  if  the  tube  be  barely  inclined  to  the  fides  of  the 
containing  glafs,  a confiderable  quantity  of  water  will  get  up  into  the 
pipe  ; becaufe  the  oil  no  longer  refting  wholly  upon  the  water,  but  partly 
upon  the  tube,  its  preflure  on  the  water  is  diminifhed,  while  that,  conti- 
nuing its  force,  impels  up  the  oil,  and  intrudes  it  into  the  pipe ; which  be- 
ing reftored  to  a perpendicular  pofition,  the  oil  will  again  deprefs,  and 
drive  the  water  out  of  its  cavity.  We  farther  caufed  three  pipes  to  be  Fig.  14 
blown  differently  from  the  former,  and  filled  their  winding  and  irregular 
parts,  as  alfo  their  uniform  Items,  to  a proper  height,  with  oil  of  turpen- 
tine ; we  then  plung’d  them  to  a due  depth  under  water,  and  there  unftop- 
ping  their  upper  ends,  the  furface  of  the  oil  they  contain’d  appear’d  at  the 
fame  height  above  the  water,  it  would  have  done  had  the  tubes  been  ftrait ; 
as  we  found  by  a cylindrical  one  fill’d  and  immerfed  as  the  reft  ; tho’  the 
quantity  of  oil  in  one  of  thefe  pipes  were  perhaps  thrice  as  great  as  that  in 
the  ftrait  one.  Hence  we  may  fairly  conclude,  that  the  preflure  of  fluids 
contain’d  in  pipes,  muft  be  computed  by  their  perpendicular  height,  how 
wide,  long,  or  irregular  foever  they  are. 

SCHOLIUM. 

The  learned  Stevinus  has  a corollary  from  the  preceding  propofition,  to 
this  purpofe.  If  thro’  the  upper  furface  of  a concave  cylinder,  an  open 
cylindrical  tube  be  eredted  perpendicularly,  and  the  whole  united  cavity  of 
both  fill’d  with  water,  the  bottom  circle  will  fuftain  a preflure  equal  to  that 
of  a cylinder  oi  water  whofe  bafts  is  that  of  the  veflel,  and  height  that  of 
Vol.  II.  R r the 
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the  tube  therefrom*  The  truth  of  this  paradox  we  attempted  to  try  in 
the  following  manner.  Having  provided  a latton  vefiel  ABEHGF, 
furnifh’d  with  a falfe  wooden  bottom  C D,  which  was  cover’d  with  a fine 
bladder,  and  oiled  about  the  lower  edges,  to  facilitate  its  rifing  from  the 
rim  of  wood  H G,  that  lay  every  where  contiguous  to  the  infide  of  the 
metal,  and  kept  the  water  from  palling  between  ; to  the  middle  of  this 
loofe  bottom  we  alfo  faften’d  a ftrong  firing,  which  came  out  at  the  orifice 
A.  Thro*  this  orifice  we  then  pour’d  in  water,  which  prelfing  the  falfe 
bottom  C D,  help’d  to  tighten  the  vefiel,  and  keep  its  parts  clofe.  When 
the  whole  cavity  was  fill’d,  we  fatten’d  the  upper  end  of  the  firing  A,  to 
the  beam  of  a balance,  and  gradually  placed  weights  in  the  oppofite  fcale, 
till  they  elevated  the  falfe  bottom  C D from  the  rim  H G,  and  confequently 
lifted  the  incumbent  water,  which  foon  ran  down  between  them.  Now 
we  had  before-hand  found  what  weight  fufficed  to  raife  the  bottom  C D 
alone  ; deducing  that,  therefore,  from  the  weight  in  the  fcale,  and  com- 
paring the  remainder  with  the  weight  of  as  much  water  as  the  (hallow  cy- 
linder BECHGDF  would  alone,  without  taking  notice  of  that  in  the 
pipe  A B,  contain  ; we  found  the  prefiure  upon  C D fo  vaftly  greater  than 
could  be  attributed  to  the  whole  quantity  of  water  made  ufe  of,  had  it  been 
contain’d  in  an  uniform  cylinder  of  the  fame  bafis  with  our  inftrument, 
that  we  thought  it  fome  fmall  confirmation  of  Stevinus9 s do&rine  i tho’  the 
paradox  itfelf  be  greatly  queftion’d  by  fome  men  of  learning.* 


* ’Tis  now  an  eftablifh’d  proportion,  that 
fluids  prefs  not  according  to  their  quantity, 
but  perpendicular  altitude ; and  may  be  de- 
monflrated  thus. 

Let  ABCDFE  be  a veflel  full  of  water. 
Now  the  column  B F being  heavier  than 
the  column  H G,  ’tis  plain  that  if  the  veflel 
were  open  at  H,  the  column  G H would 
afeend  till  it  balanced  the  column  B F ; but 
fince  it  cannot  afeend  at  H,  the  water  there 
muft  be  prefs’d  back  by  the  obftacle,  with  a 
force  equal  to  the  weight  of  B L,  for  adlion 
and  re-aftion  are  equal ; and  all  preflure  here 
being  reciprocal,  the  water  at  G will  prefs 
againlt  the  bottom  of  the  veflel  with  the 
fame  force.  Now  as  the  weight  of  the 
column  G H,  is  added  to  the  former,  the 
force  of  the  water’s  preflure  at  G will  be 
the  fame  as  if  the  column  G H were  of 
equal  height  with  the  column  F B,  that  is, 
as  if  it  reach’d  to  M.  And  the  fame  rea- 
foning  is  applicable  to  all  the  other  columns 
in  the  veflel  ; confequently  the  bottom  of 
it,  E D,  will  futlain  the  fame  preflure  as  if 
the  veflel  were  fill’d  up  to  NO. 

This  furprizing  property  in  fluids  feems 
applicable  to  confiaerable  purpofes , as  it 


fhews  us  how  an  exceeding  fmall  quantity 
of  matter  may  be  made  to  fupply  the  place 
of  one  infinitely  larger. 

Thus,  for  inftance,  if  the  tube  p. 

A B , of  the  inverted  fyphon  l&% 

A B C D,  were  clofe  fhut,  and  the  fmall 
pipe  C D,  fill’d  with  water  to  D,  that  lit- 
tle quantity  C D would  exert  fuch  a force 
upon  the  larger  ABC,  that  if  the  cover  of 
the  great  orifice  were  perforated,  the  water 
would  be  made  to  fly  out  thereat,  as  violent- 
ly, as  if  part  of  the  little  tube  C D con- 
tain’d as  much  water  as  the  great  one 
AB. 

Again,  if  two  cylindrical  emboli  were 
fitted  to  the  tubes  A B , and  C D ; the 
weights  laid  upon  them  would  be  balanced, 
provided  they  were  proportionable  to  the 
capacity  of  the  tubes;  that  is,  fuppofe  the 
capacity  of  the  tube  A B was  four  times 
greater  than  that  of  C D,  one  pound  laid 
upon  the  little  embolus,  would  balance  the 
force  of  four  pounds  upon  the  greater. 
And  thefe  experiments  might  be  varied  in- 
finite ways.  See  Clark.  Annot.  in  Robault. 
P-  41* 
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PARADOX  VII.  iyy 

A bod y,  immerfed  in  a fluid , fu flams  a lateral  preffure  therefrom  ; which  in  cr ca- 
fes with  the  depth  whereto  ’ lis  plunged . 

Bend  a finall  glafs  tube  at  right  angles,  into  a longer  and  a fhorter  part ; 
then,  by  fudtion,  draw  up  oil  of  turpentine  enough  to  fill  the  fhorter, 
and  to  rife  two  or  three  inches  high  in  the  longer ; nimbly  flop  the  orifice, 
and  immerfe  the  lower  end  of  the  tube  under  water ; fo  that  the  longer  leg, 

EF,  may  ftand  perpendicularly  to  the  furface  A B,  and  the  furface  of  the 
oil  IK,  but  a little  above  the  fame  AB;  when,  if  the  tube  be  unftopp’d 
at  E,  the  oil  will  continue  as  it  was,  and,  confequently,  there’s  a lateral 
prefiure  of  the  water  againft  the  oil  contiguous  to  G ; for,  nothing  elfe 
could  hinder  the  perpendicular  prefiure  of  the  oil  in  the  longer  leg,  from 
forcing  it  out ; as  will  farther  appear,  by  gently  raifing  the  tube,  in  the 
fame  pofture  toward  the  top  of  the  water  ; for,  as  the  lower  leg  afcends, 
the  oil  will  be  driven  out  thereat,  by  the  prefiure  in  the  other.  And  that 
the  lateral  prefiure  of  the  water  againft  the  lower  orifice  is,  before  the 
tube  be  raifed,  nearly  the  fame  with  the  perpendicular  prefiure  of  a cy- 
linder of  water,  reaching  from  the  orifice  G,  to  the  top  of  the  water;  ap- 
pears from  the  furface  of  the  oil  in  the  longer  leg,  always  continuing  a lit- 
tle above  that  of  the  water ; as  would  happen,  were  a pipe  of  an  equal 
bore,  continued  from  the  orifice  G,  to  the  top  of  the  water  at  H.  But, 
farther,  if  the  fyphon  be  plunged  deeper  into  the  water ; the  oil,  by  the  la- 
teral prefiure  thereof,  will  be  gradually  driven  quite  out  of  the  fhorter  leg 
into  the  longer ; and  if  you  immerfe  it  ftill  deeper,  a cylinder  of  water  will 
rife  in  the  fame  longer  leg,  and  fuftain  that  of  the  oil,  which  is  now  no 
longer  able  to  balance  the  lateral  prefiure  of  the  water  at  fo  great  a depth  ; 
whence  we  find,  that  water  has  alfo  a lateral  prefiure  againft  water,  which 
increafes  proportionably  to  the  depth  ; for  the  external  fluid,  could  not, 
otherwife,  impel  that  of  the  fhorter  leg  into  the  longer,  which  it  does  by 
greatly  exceeding  the  refiftance  of  the  whole  cylinder  of  oil  therein.  But 
if  the  tube  be  now  gently  raifed  again,  and  the  lateral  prefiure  of  the  wa- 
ter againft  the  immerfed  end  thereby  diminifhed,  the  oil  will  force  the 
water  firft  out  of  the  longer  leg,  and  then  out  of  the  fhorter,  till,  at 
length,  it  leaves  the  orifice  G,  and  emerges  in  drops  to  the  furface. 

Again,  when  the  oil  in  the  tube  is  a balance  for  the  external  water  ; if  its 
fhorter  leg  be  kept  parallel  to  the  furface  thereof,  and  moving  backwards 
and  forwards  any  way  at  the  fame  depth  therein  , the  oil  in  the  longer  leg 
will  appear  at  the  fame  height  ; from  whence ’tis  plain,  a pillar  of  water, 
with  a bafis  equal  to  the  fide  of  the  body  immerfed,  may  be  any  where 
fupported  in  the  containing  veflel ; and  that  tho’  this  imaginary  column,  as 
G H,  be  not  included  in  any  firm  furface,  its  lower  parts  have,  by  means 
of  the  incumbent  fluid,  a lateral  prefiure,  tending  outwards  againft  its  ima- 
ginary fides  ; and  laftly,  that  this  prefiure  increafes  in  proportion  to  the 
height  of  the  column  of  water  above  them.  To  conclude,  if  inftead  of 
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Statics,  holding  the  longer  leg  of  our  tube  in  a perpendicular  pofture,  it  be  vari- 
L/YV  oully  inclined  to  different  angles  with  the  furface  of  the  water  A B,  fo  that 
the  orifice  of  the  fhorter  leg  F G,  may  fometimes  tend  towards  the  top,  and, 
at  others,  towards  the  bottom  of  the  glafs*,  the  oblique  preffure  of  the 
water  depends  fo  entirely  upon  its  height  above  the  orifice  G,  that  the  oil 
in  the  longer  leg  will  Hill  continue  with  its  furface  I K,  but  little  higher 
than  that  of  A B. 

SCHOLIA. 

i.  We  once  attempted  to  difcover  the  quantity  of  this  lateral  preffure 
Fig,  19.  by  the  following  experiment.  Having  obtain’d  a glafs  bubble  X,  with  a 
(lender  neck,  whofe  gravity  fell  very  little  fhort  of  that  of  water;  and  provided 
a large  wide-mouth’d  glafs, exadtly  fitted  with  a cork, perforated  in  the  mid- 
dle to  receive,  perpendicularly,  along,  (lender,  glafs  pipe,  that  defcended 
confiderably  below  the  cork, wherein,  alfo,  was  another  hole,  near  its  edge, 
for  a fecond  fmall  pipe  to  pafs  thro’,  whofe  upper  end  reaching  only  two 
or  three  inches  into  the  air,  was  firmly  clofed  ; then  the  veffel  being  filled 
with  water,  and  the  bubble  fuffer’d  to  float  thereon,  the  cork  was  applied, 
and  well  cemented  to  the  mouth  of  the  glafs,  fo  that  nothing  could  pafs 
in  or  out  of  the  veffel,  except  thro*  the  long  flender  pipe  ; all  the  other  vents 
being  carefully  (topped  with  cement.  When  things  were  thus  prepared, 
and  the  bubble  was  made  to  float  at  a confiderable  diftance  from  the  deeply 
immerfed  end  of  the  long  tube,  we  poured  water  thro’  its  upper  orifice  E, 
which,  for  want  of  other  vent,  afcended  back  again  into  the  fame  ca<- 
vity  *,  and  if  the  water  therein  was  only  permitted  to  rife  as  high  as  I, 
for  inftance,  the  bubble  X,  would  Hill  continue  a-float : but  if  the  water 
rofe  toK,  the  bubble  prefently  fell  to  the  bottom  of  the  veffel,  and  remain’d 
thereat  while  the  water  flood  to  the  fame  height  in  the  pipe  E F ; but  if  the 
height  were  diminifh’d,  by  pouring  fomeof  the  water  off,  the  bubble  would 
re-afcend.  Hence  we  fee,  that  the  upper  parts  of  water  gravitate  on  the 
lower  *,  and  that,  in  a full  veffel,  the  fame  thing  happens,  tho’  the  former 
be  not  directly  incumbent  on  the  latter,  but  at  a confiderable  diftance 
from  the  line  of  their  diredlion  *,  for  the  additional  cylinder  of  water  K I, 
adling  like  any  other  heavy  body  upon  the  water,  caufes  the  bubble  X, 
to  fublide.  And,  fince  the  air  included  in  this  bubble,  was  remarkably 
condenfed,  it  follows,  that  the  cylinder  of  water  K I,  preffed  upon  the 
fubjacent  fluid  in  the  veffel ; for  otherwife  the  air  in  the  bubble  could  not 
have  been  comprefs’d  : and  as  this  bubble  floated  on  one  fide,  at  a tolera- 
ble diftance  from  the  pipe  E F,  and  above  its  lower  orifice  F *,  ’tis  evident, 
that  the  cylinder  of  water  I K,  preffes  as  well  laterally,  as  diredlly,  upon 
all  the  bodies  that  lie  beneath  fts  furface.  And  thus  every  affignable  part 
of  the  fides  of  the  veffel,  fuftains  a preffure  proportionable  to  its  depth  un- 
der water,  and  its  own  magnitude : if,  therefore,  any  part  were  fo  weak, 
as  to  yield  to  the  weight  of  the  cylinder  I K (due  allowance  being  made 
for  the  obliquity  of  the  preffure)  ’twere  unfit  to  enter  the  compofition  of 
our  glafs.  Even  the  cork  itfelf,  refills  a preffure  proportionable  to  the 
, breadth 
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breadth  of  its  under  furface,  and  the  height  of  thecylinder  K I ; and  might,  Statics. 
therefore,  if  not  too  ftrongly  faften’d,  be  raifed  thereby  ; fo  that  if  the  ce-  LyOTX-/ 
inent  fhould  fail,  the  water  would  forcibly  ifTue  out  of  its  vents.  Thus, 
alfo,  the  ftopple  G,  of  the  fhort  pipe  G H,  may,  by  this  means,  be  vi- 
olently thruft  out  of  its  place,  as  will  more  fatisfadlorily  appear,  by 
flopping  the  orifice  at  G,  with  your  finger,  which  will  there  be  ftrongly 
prefs’d  upwards. 

2.  To  fhew  that  the  very  oblique  prefture  fuftain’d  by  the  bubble,  from 
the  water  in  the  long  tube,  differ’d  not  confiderably  from  that  of  water 
plac’d  diredlly  over  it,  I fet  two  fuch  bubbles  feparately  a-float  in  long  cy- 
lindrical glafies  of  water*  when,  if  they  were  plunged  but  to  a fmall  depth, 
they  would  rife  again  to  the  top  •,  fo  that  I was  obliged  to  immerfe  them 
to  a confiderable  depth,  before  the  prefture  of  the  incumbent  water  would 
link  them. 

3.  We  may  here  alfo  obferve,  how  the  preflures  of  fuch  different  flu- 
ids, as  air  and  water,  will  communicate.  For,  having  fometimes  left  a 
fmall  part  of  our  veflel  A B CD,  unfill’d  with  water,  fo  that  air  remain’d 
between  the  furface  LM,  and  the  cork  •,  the  prefture  of  the  water  in  the 
pipe  from  I to  K,  would,  if  the  cork  were  tight,  caufe  the  bubble  to 
fink,  as  if  theveftel  had  been  wholly  fill’d  with  water  ; the  comprefs’d  and 
imprifon’d  air  above  L M,  communicating  the  prefture  it  receiv’d  to  the 
contiguous  water. 


PARADOX  VIII. 

Water  will  as  well  deprefs>  as  fupprt  a body  fpecifically  lifter  than  itfdf. 

We  have  proved  that  the  upper  parts  of  fluids  gravitate  upon  the  lower, 
or  bodies  immerfed  therein.  Now,  when  a body  is  unequally  prefled,  it 
muft  neceflarily  move  from  that  place  where  the  prefture  is  greateft,  to 
where  it  is  leaft  *,  whence,  if  a quantity  of  oil,  hath  its  upper  furface  alone, 
expofed  to  the  prefture  of  water,  and  nothing  be  in  the  way  to  hinder  its 
defcent,  the  oil  muft  neceflarily  be  deprefs’d,  and  not  buoy’d  up  thereby. 

To  illuftrate  this  by  an  experiment  ; take  a fmall  glafs  fyphon  EFGH,  jsy^.  2o 
with  its  fhorter  leg  G H,  3 or  4 inches  long,  and  parallel  to  the  other 
EF  ; plunge  the  fhorter  into  oil  of  turpentine,  till  it  be  quite  fill’d,  and  the 
fluid  reaches  to  an  equal  height  in  the  longer,  as  from  F to  I;  then  flopping, 
with  your  finger,  the  orifice  E,  of  the  longer  leg, immerfe  them  both  a little 
underwater:  remove' your  finger,  and  as  you  gradually  plunge  the  fy- 
phon deeper,  the  oil,  in  its  fhorter  leg,  will  fink,  and,  at  length,  wholly 
rife  into  the  longer;  which  fufficiently  proves  and  illuftrates  our  propo- 
fition. 


SCHOLIUM. 

At  once  to  confirm  the  prefent  paradox,  the  feventh,  and  the  fecond,  I 
took  a flender  glafs  pipe  O P N M L,  and  fuck’d  oil  of  turpentine  into  Fig.  21. 

its 
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Statics,  its  lower  orifice  L,  till  it  reach’d  to  P,  in  the  longer  leg,  in  a level  with  f - 
t^Y^-and,  flopping  the  upper  end  O,  with  ray  finger,  £ plunged  the  tube  to  a 
convement  depth  under  water;  when,  removing  my  finger,  the  external 
fluid  fir  t drove  away  the  oil  in  L M,  then  deprefied  if  from  M to  N 
and  lately,  wholly  impelled  it  into  the  longer  leg  N P O ; f0  that  the  oil 
was,  here,  evidently  preffed  not  only  laterally,  but  alfo  downwards,  and 


■V.  12, 


F/V.  23. 


P A R A D O X IX. 

JSotmthflandmg  the  do  Brine  of  pofitive  levity,  an  oil,  lighter  than  water  may 
be  kept  immerfed  in  that  fluid.  ’ 3 

Since  the  furface  of  ftagnant  water  is,  phyfically  fpeaking,  horizontal ; 
that  part  which  prefies  againft  the  lower  fuperficies  of  an  immerfed 
bouy,  mult  be  deeper  than  that  which  prefies  upon  the  upper:  if,  there- 
fore, the  water  incumbent  on  the  upper  part  of  a body,  can  be  made  to 
itand  at  a greater  height  than  the  reft  of  the  fluid  wherein  ’tis  immerfed, 
fo  as  to  balance  what  prefies  againft  the  lower  *,  oil  may  be  fufpended  be- 
twixt two  parcels  of  water.  To  reduce  this  theory  to  practice,  I fuck’d 
water  into  a ftrait,  (lender  glafs  pipe  T P,  to  the  height  of  an  inch,  and 
there  held  it  fufpended,  by  flopping  the  upper  orifice  with  my  finger*,  then 
plunging  the  lower  end  of  the  tube,  two  inches  below  the  furface  of  fome 
oil  of  turpentine,  deeply  tinged  with  copper,  whereby  the  oil,  driving  up 
the  water,  afeended  to  the  height  of  an  inch  in  the  lower  end  of  the  pTpe ; 
when,  I again  clofed  its  upper  end,  to  keep  both  liquors  fufpended.  In 
the  next  place,  I plunged  the  tube  into  a glafs  of  water,  three  or  four 
inches  below  its  furflice  ; fo  that  the  water,  upon  the  removal  of  my  fin- 
ger,  was  preffed  into  the  lower  end  of  the  pipe  P,  to  Q,  impelling  up  the 
1 r*’  5 andtheincumbent  water  toTS;  at  which  ftations,  the 

three  feveral  parts  of  oil  and  water  together,  prefs  upon  P,  as  much  as 
the^ernal  wat,er  uPon  tIle  °t)ier  P^ts  of  the  fame  plain  GH;  yet  the 
oil  Q.R,  afeends  not,  becaufe  the  water  R S,  is  kept  from  defending  be- 
lowit,  by  the  fidesof  the  tube  ; whilft  its  upper  furface  TS,  (lands  higher 
than  A D,  that  of  the  reft  of  the  water : by  which  means,  the  incum- 
bent fluid  may  be  made  to  prefs  upon  the  upper  furface  R,  of  the  cylin- 
oer  of  oil,  as  forcibly  as  the  water  prefies  againft  Q,  the  lower  furface 
or  the  fame  \ whence  the  oil  will  remain  fufpended. 

PARADOX  X. 

The  afeent  and  flux  of  \ water  in  fypbons , are  explicable , without  fuppoflng  a 

Fuga  vacui. 

Provide  a cylindrical  glafs  ABCD,  both  wide  and  deep,  as  alfo,  a 
lyiphon  FKG,  with  unequal  legs,  communicating  with  a long  cylindrical 
pipe  K fc, ; to  each  leg  of  this  fyphon,  fix  a cylindrical  glafs  I,  and  H,  filled 
witn  water,  as  in  the  fcheme,  that  the  water  may  run  from  the  higher 


O 

glafs 
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glafs  I,  into  the  lower  H ; then,  while  the  pipe  E K,  is  held  ftill,  pour  Statics. 
oil  of  turpentine,  gently  into  the  cylinder  A B CD,  till  it  rife  above  the 
top  of  the  fyphon  FKG;  when  the  oil  prefling  on  the  water,  will  raife  it 
into  the  legs  of  the  fyphon,  and  force  it  out  of  the  vefTell,  into  H : in  which 
cafe,  ’tis  manifeft,  the  water  runs  thro’  the  fyphon,  whilfl:  the  air  has  free 
admiflion  thereinto,  at  the  orifice  E ; fo  that  nature’s  abhorrence  of  a va- 
cuum, cannot  be  the  caufe  of  this  flux.  A juft  folution  of  the  phenome- 
non may  be  had  from  confidering  the  prefiure  of  the  oil,  and  the  fituation 
of  the  vefiels  * for,  that  fluid  afcending  higher  than  K,  prefles  upon  the  fur- 
face  of  the  external  water,  in  the  glafles  I,  and  H,  wherein  the  legs  of  the 
fyphon  are  plunged,  andforces  it  up  into  them  ; but  as  the  excefs  of  wa- 
ter in  the  glafs  I,  proves  an  over-balance  for  the  greater  depth  of  oil  in 
the  glafs  H,  the  water  is  obliged  to  run  from  the  fhorter  leg  into  the  longer. 

Thus  it  happens  in  fyphons  ; when  once  the  water  is  brought  to  run  thro* 
them,  the  air  gravitates  upon  the  furface  of  the  external  fluid,  wherein 
their  legs  are  plunged,  and  not  upon  that  which  they  contain  ; and,  there- 
fore, tho’  the  incumbent  air,  ftands  a little  higher  over  the  fluid  in  the 
lower  veflel,  than  in  the  upper,  yet  the  water  in  the  longer  leg,  greatly 
over-balancing  that  in  the  fhorter,  it  muft  needs  flow  out  at  the  latter. 

And  the  prefiure  of  the  external  air  being  able  to  raife  water  to  a much 
greater  height  than  that  of  the  fhorter  leg,  the  efflux  will  continue  till 
fome  other  caufe  put  a flop  thereto.  But  if  the  legs  of  a fyphon  exceed 
35  feet  in  perpendicular  altitude,  the  water  will  not  flow  thro*  them  5 be- 
caufe  the  prefiure  of  the  external  air  is  unable  to  raife  water  to  that 
height.  So,  likewife,  were  an  hole  made  in  the  top  of  a fyphon,  whilfl: 
water  was  flowing  thro’  it,  the  flux  would  prefently  ceafe  ; for  the  air, 
then  prefling,  as  well  within  as  without  the  fyphon,  would  return  the 
water  in  each  leg  to  its  proper  veflel.  To  confirm  this  particular,  I pro- 
cured two  fyphons,  the  one  of  tin,  the  other  of  glafs,  each  of  which  had 
in  the  upper  part  of  its  bend,  a fmail  perforation,  which  I could  flop 
with  my  finger,  or  open  at  pleafure  ; wherein  I frequently  perform’d  the 
experiment.  And  having  once  carefully  flopp’d  one  of  the  above-men- 
tion’d  holes,  with  oiled  paper  and  cement,  and  found  the  water  to  run 
freely  thro’  the  fyphon  ; yet  a punfture  made  in  the  paper,  by  the  point 
of  a needle,  admitted  air  fufficient  to  make  the  water  in  the  legs  fall  back, 
before  I could  poflibly  flop  the  needle  quick  enough  into  the  hole  to 
prevent  it. 


PARADOX  XI. 

tfbe  moft  ponderous  folid  body  we  know , immerfed  in  water  to  a depth  exceeding 
that  of  twenty  tunes  its  own  thicknefs , will  float , if  it  be  there  fenced  from  the 
direct  prejfure  of  the  incumbent  fluid . 

Let  a deep  glafs  veflel  A BCD,  be  almoft  fill’d  with  water;  wherein  if  a &g-  24 
fmail  cylinder  ofbrafs  EF,  be  immerfed,  till  its  upper  furface  is  juft  co- 
ver’d, and  then  let  go  ; it  muft,  by  reafon  of  its  greater  fpecific  gravity, 

necefla- 
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Statics,  necefiarily  fall  to  the  bottom.  But  were  it  placed  on  the  plain  I K,  which 
lies  at  above  the  depth  of  nine  times  the  body’s  thicknefs  below  the  upper 
furface  of  the  fluid  ; I aflert  that  it  would  not  defcend,  unlefs  it  were  pref- 
led downwards  by  the  weight  of  the  incumbent  fluid.  For  brafs  being 
nearly  nine  times  fpecifically  heavier  than  water,  the  body  E F alone  would 
prefs  upon  the  part  F as  much  as  a cylinder  of  water  of  an  equal  bafis,  but 
about  nine  times  the  height  of  the  brafs;  and  confequently  the  part  F will 
be  no  more  deprefled  than  any  other  part  of  the  plain  I K.  But  fince  wa- 
ter gravitates  on  water,  and  alfo  upon  bodies  heavier  in  fpecie  than  itfelf, 
if  immerfed  therein  ; the  brafs  cylinder  E F,  wherever  it  refts  in  the  fluid, 
mult  be  forced  downwards,  both  by  its  own  weight,  and  that  of  the  in- 
cumbent water.  But  were  the  incumbent  water  prevented  from  gravita- 
ting thereon,  it  follows,  that  the  body  would,  at  that  depth,  be  kept  fuf- 
pended.  And  in  cafe  the  body  relied,  in  like  manner,  upon  the  plain 
JL  M ; the  much  greater  prefiure  of  the  water  on  the  other  parts  of  the 
lame  furface  would  impel  it  upwards,  with  a lorce  proportionable  to  the 
difference  of  their  refpe£tive  weights. 

And  having  found,  by  exa£t  trials,  that  the  pureft  gold,  the  moll  pon- 
derous body  we  know,  is  not  quite  twenty  times  fo  heavy  as  an  equal  bulk 
of  water;  if  this  metal,  alfo,  were  immerfed  into  a greater  depth  than 
that  of  twenty  times  its  own  thicknefs,  and  there  fenced  from  the  prefiure 
of  the  incumbent  water,  it  mull  necefiarily  float.  To  confirm  this  by  an 

Fig.  25.  experiment.  Suppofe  the  brafs  body  E F to  be  the  cover  of  a brafs  valve, 
and  the  valve  itfelf  llrongly  cemented  to  an  open  glafs  pipe  O P ; when 
the  body  EF,  being  the  lower  part  of  the  inftrument,  and  every  way  de- 
tached therefrom,  would  fall  by  its  own  weight,  if  unfupported.  Then 
to  the  button  Q^faften  a thread,  which,  by  being  pulled  upwards,  may 
caufe  EF  to  clofe  the  orifice  of  the  valve  : the  valve  being  now  plunged 
under  water,  to  the  depth  of  a foot,  the  cement,  and  the  fides  of  the  pipe 
O P,  will  prevent  the  fluid  from  prefling  upon  the  upper  part  of  the  body 
E F,  and  confequently  that  part  of  the  plain  V W contiguous  to  its  fur- 
face, will  be  prefs’d  upon  only  by  the  weight  of  the  body  E F,  but  in  its 
other  parts  by  that  of  the  incumbent  water  ; fo  that,  letting  go  the  firing 
which  held  the  body  E F clofe  to  the  inftrument,  that  body  will  remain 
fufpended  by  the  bare  prefiure  of  the  water  beneath  it.  And  that  this  a- 
lone  is  the  caufe  of  the  phenomenon,  appears  by  gently  raifing  the  inftru- 
ment towards  the  top  of  the  water  ; for  when  it  has  afeended  near  the  fur- 
face, fuppofe  between  the  plains  IK,  and  XY,  the  body  EF  will  fall 
down,  and  the  water  rife  in  the  pipe  O P,  to  a level  with  that  in  the  con- 
taining vefifel.  But  if  the  valve  be  at  firfl  plunged  much  deeper  under  wa- 
ter before  the  firing  be  relaxed,  for  inftance,  to  the  plain  S R,  the  valve 
E F will  require  a confiderable  weight,  as  L,  befldes  its  own,  to  disjoin 
it : but  if  the  weight  prove  inefficient  for  the  purpofe,  it  may  foon  be  ren- 
der’d effectual,  by  raifing  the  inftrument,  far  lefs  than  before,  tov/ards 
the  top  of  the  water. 
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COROLLARY. 

This  experiment  renders  it  unnecefiary  to  fly  to  a Fuga  vacui  for  a reafon 
why  two  flat  polifh’d  marbles,  when  they  adhere,  require  a confiderable 
force  to  disjoin  them  ; they  being  prefled  together  by  air  of  an  immenfe 
height,  after  a like  manner  with  our  valve,  and  the  inftrument,  here,  by 
water  *,  which  requires  the  great  weight  L to  over-balance  it,  fo  as  to  force 
them  afunder. 
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HYDROSTATICS 

' Applied  to 

O R E S, 

And  to  the 

MATERIA  MED  I C A. 


SECT.  I. 


FoJJils , tbeif 
medicinal 
virtue , 
whence? 


A 


S the  virtues  of  gems  proceed,  chiefly,  from  the  metalline  and 
mineral  fubftances,  that,  whilft  their  original  matter  remain’d 
either  fluid  or  foft,  are  incorporated  therewith,  and  afterwards 
hardned  into  (tones;  fo  it  feems  very  probable,  that  feveral 
boles,  clays,  earths,  and  efpecially  minerals,  &c.  may  be  endow’d  with 
confiderable  medicinal  virtues,  and,  perhaps,  greater  than  thofe  of  the 
finer  gems ; becaufe  herein  are  often  found,  more  of  the  metallic  and  mi- 
neral parts,  which,  whilft  l nfolutis  principiis,  might  very  plentifully  infi- 
nuate  themfelves  into  the  more  open  bodies,  and  there  fit  loofer  than  in 
diamonds,  rubies,  fapphires,  &c.  which  aqua  fortis , itfelf,  is  unable  to 
penetrate  and  dififolve. 

A new  way  of  I,  therefore,  thought  it  might  be  of  ufe  to  phyficians,  mineralifts,  and 
examining  miners,  to  advance  a new  way  of  examining  fofflls ; for  tho*  the  method 
fiatT  u]dr°m  Pretends  not,  diredtly,  to  difcover  more  than  one  quality  of  the  body 
it  examines  ; yet  that  quality,  being  its  fpecific  gravity,  is  fo  confiderable, 
that  it  may  lead  one  farther,  than  might  at  firft  be  imagined. 

Its  foundation.  Reflecting  that  rock-cryflal  is  of  the  mod  pure,  and  homogeneous  kind 

of  (tones ; I pitched  upon  this  for  the  ftandard,  whereby  to  adjuft  and  af- 
certain  the  purity  and  fimplicity  of  other  mineral  fubftances. 

2 By 
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By  carefully  weighing  feveral  pieces  of  native  cryftal,  clear  and  colour-  Statics. 
lefs,  firft  in  air,  and  then  in  water,  we  found  its  proportion  to  clear  wa- 
ter,  of  the  fame  bulk,  as  27  to  i,  nearly.  Thus,  if  a hollow,  metalline 
cube  be  exactly  fill’d  by  one  ounce  of  water;  and  afterwards,  again,  as 
exactly  fill’d  by  a cubical  piece  of  rock-cryftal,  that  bulk  of  the  (tone  will 
weigh  about  two  ounces  and  a half.  Some  of  my  trials,  indeed,  made  with 
tender  balances,  reprefented  the  proportion  of  thefe  two  bodies,  with  a 
very  inconfiderable  variation  ; but  ’tis  probable,  that  different  pieces  of 
cryftal,  tho’  of  equal  bulk,  may  not  have  precifely  the  fame  weight : how- 
ever, the  difference  is  fo  fmall,  that  it  may  here  be  fafely  neglected. 

And  to  prevent  any  fcruple  about  the  origin  and  nature  of  cryftal,  I 
fhall  add,  that  I procured  fome  ftrong  ificles,  that  had  been  faften’d  to 
vaults,  &c.  as  bodies  that  would  be  acknowledg’d  true  ftones,  and  yet  to 
have  once  been  in  a liquid  form  : and  having  hydroftatically  examin’d 
thefe  concretions,  their  fpecific  gravity  appear’d  to  be  little  differing  from 
that  of  cryftal. 

To  apply  this  fundamental  obfervation  to  the  prefent  occafion  ; when  I 
would,  with  probability,  difcover  whether  the  mere  ftony  matter  of  a mine- 
ral body  were  mix’d  with  fome  adventitious  fubftance  of  a metalline  na- 
ture, or  of  fome  other  mineral  more  ponderous  than  cryftal  ; I carefully 
weigh’d  it,  as  we  faid,  in  air,  and  then  in  water:  when,  if  its  proportion 
to  water  of  the  fame  bulk,  exceeded  that  of  2 * to  1,  or  5 to  2, 1 conclude 
it  probable,  that  the  concrete  had  in  it  a portion  of  foreign  matter  fpecifi- 
cally  heavier  than  cryftal,  proportionably  to  the  excefs  of  the  weight  of 
the  lolid  body  above  that  of  an  equal  bulk  of  water.  To  illuftrate  this 
procedure  by  example. 

The  magnet,  upon  account  of  its  great  hardnefs,  is  ufually  reckon’d  Examples  to  //- 
among  ftones  ; but  having  obferv’d  a particular  kind  thereof,  to  be  appa-  lujlrate  the 
rently  more  ponderous  than  common  ftone,  of  equal  bulk,  we  weigh’d  them  d°arine' 
in  air  and  water  ; and  found  the  fpecific  gravity  of  fome  of  them  fo  far  to 
exceed  that  of  cryftal,  or  marble,  that  we  concluded  they  contain’d  a con- 
fiderable  quantity  of  metalline  matter,  which,  by  collateral  experiments 
appear’d  to  be  of  a ferruginous  nature. 

Emeri  is  commonly  reputed  a mere  ftone  ; but  finding  its  weight  in  wa- 
ter confiderably  to  exceed  that  of  an  equal  bulk  of  cryftal ; for  it  was  to 
that  liquor  nearly  as  4 to  1 ; I conjedtured  that  it  contain’d  a metalline  fub- 
ftance ; as  afterwards,  by  proper  trials,  I found  it  did. 

By  the  weight,  alfo,  o 1'  Lapis  Hematites  on  my  hand,  I conjectured,  it 
largely  partook  of  a metalline  ingredient ; and  prefently  I difcover’d  that 
iron  oriteel  was  contain’d  therein.  And,  in  general,  I have  frequently 
fufpedted  different  bodies  to  be  of  a metalline  or  mineral  nature,  and  was 
feldom  miftaken  in  my  conjedture  ; tho’  they  have  commonly  been  thought 
to  contain  no  fuch  fubftance.  The  fame  thing  I likewife  found  true,  even 
in  granatsand  American  talc,  from  which  I have  extradted  metalline  parts. 

But  we  muft  here  fet  down  fome  preliminary  obfervations.  And  firft,  Preliminary 
if  a propofed  foftil  be  much  lighter  than  an  equal  bulk  of  cry  ftal,  it  i ^Jitbrlgard 
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Statics,  almoft  certain  it  cannot  be  a metalline  ore  ; and  this  negative  proofis  here 
ufually  ftronger  than  the  affirmative  kind.  Thus,  for  inftance,  when  I 
find  thatjet,  tho’  a foffi],  has  a far  lefs  fpecific  gravity  than  cryftal,  I 
conclude  it  to  be  no  metalline  body.  The  like  determination  I make  as  to 
foffil-amber,  Sulphur  vivumy  common  fulphur,  Englijb  and  Venetian  talc, 
and  fome  other  firm  concretions,  which  are  dug  out  of  the  earth  : amon^ 
which,  1 alfo  rank  black-lead.  For  having  found  its  weight  to  that  of 
water  as  i.  8 6 to  8,  I afterwards  difcovered  it  to  be  not  lead- ore,  but  a par- 
ticular kind  of  mineral,  and  near  allied  to  a fort  of  talc  that  I have  met 
with. 

2.  We  muft  diftinguifh  between  the  feveral  ufes  to  be  made  of  foffils  by 
men  of  different  profeffions.  So  that  if  a foffil  be  found  very  little  heavier 
in  fpecie  than  cryftal  or  marble,  it  may,  poffibly,  have  a metalline  or  mine- 
ral portion,  which,  however  fmall  in  quantity,  will  perhaps  entitle  it  to 
the  efteem  of  a jeweller,  phyfician,  or  chymift.  But  if  this  excefs  of  its 
fpecific  gravity  be  inconfiderable,  the  foffil  itfelf  will  prove  of  little  price 
to  a mineralift  ; for  if  it  be  poor  in  metalline  fubftance,  it  may  chance  to 
be  hardly  worth  the  wrorking. 

3.  But  iho’ the  great  ponderofity  of  a foffil  generally  proceeds  from  a 
proper  metalline  fubftance  embody’d  with  the  other  parts  thereof,  which 
fhews  it  not  to  be  a mere  ftone  *,  yet  this  alone  is  not  a fure  fign  that  the 
mineral  part  is  properly  metalline  *,  and,  therefore,  where  any  doubt  arifes, 
we  fhould  have  recourfe  to  collateral  figns.  For,  befides  metalline  ores, 
properly  fo  call’d,  there  are  other  foffils,  which,  tho’  of  affinity  to  metals, 
may  be  diftinguifh’d  from  true  metalline  ores  *,  fuch,  for  inftance,  are  anti- 
mony, bifmuth,  Lapis  Calaminarisy  and  marcafites.  But  there  will  not, 
perhaps,  occur  many  cafes,  wherein  we  need  to  have  recourfe  to  collate- 
ral figns,  to  fhew  whether  the  mineral  part  of  a foffil  be,  in  a ftridt  fenfe, 
of  a metalline  nature,  or  not.  For  fuch  femi-metals  are  mod  commonly 
found  either  in  veins,  maffes,  or  great  lumps  of  their  refpedtive  kinds  ; and 
eafily  difcover  to  what  fpecies  they  belong.  I have,  indeed,  receiv’d  a lump 
of  matter  from  Devon(hirey  wherein  I found  fome  antimony  mix’d  with 
lead,  which  was  the  predominant  body.  But  fuch  mixtures  occur  fo  fel- 
dom  in  England , that  our  way  of  eftimating  ponderous  foffils,  will,  never- 
thelefs,  be  ufeful  on  mofl  occafions* 

4.  Two  different  eftimates  may  be  made  of  the  fpecific  gravity  of  ores  ; 
one,  when  the  body  propofed  is  weigh’d  in  its  natural  flate,  that  is,  as 
it  comes  out  of  the  earth,  accompanied  with  the  fpar,  or  other  heteroge- 
neous matter,  that  firmly  adheres  to  it  •,  and  the  other,  after  it  has  been 
beaten  fmall,  and  feparated  from  heterogeneous  fubftances  by  the  help  of 
water,  after  being  skilfully  agitated,  wherein  there  is  a remarkable  difference 
in  weight  be  tween  thefe  and  the  genuine  parts  of  the  ore  j which  being  thus 
fever’d  from  the  reft,  are  call’d  waffied.  ’Tis  fometimes,  alfo,  very  pro- 
per to  prepare  the  ore  by  roafting  it  once  or  more,  or  by  keeping  it  for 
leveral  hours  in  a competently  ftrong  fire,  as  is  ufually  pra&ifcd  in  pre- 
paring copper -ore * efpecially  if  it  be  ftubborn.  I purpofely  mention  thefe 

two 
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two  flates,  wherein  the  weight  of  an  ore  may  be  taken,  becaufe  I have  Statics. 
oblerv  cl,  that  in  feveral  cafes,  ’tis  of  great  importance  to  diftinguifh  them  i 

carefully.  For  feveral  ores,  which,  in  their  natural  ft  ate,  have  too  little 
fpecinc  gravity,  to  make  them  judg’d  worth  the  charge  of  beino-  wrought 
may  yet,  after  they  are  prepar’d  by  water  and  fire,  afford  a metalline  por- 
tion, lo  ponderous,  as  to  allow  one  to  fufpedl  they  contain  either  filver 
or  gold.  I remember,  that  a piece  of  lead-ore,  broughc  from  Ireland , 
feem  d to  me  fo  light  in  the  lump,  that  I thought  it  deferv’d  not  to  be 
wrought  for  lead ; yet,  afterward,  upon  trial,  it  appear’d  fo  well  ftor’d 
vath  particles  of  lilver,  that  I encourag’d  the  owner  of  the  mine  to  work 


5.  There  is  one  kind  of  mineral  that  I have  obferv’d  to  impofe  upon  men  To  dijlmguijh 
10  frequently,  that  I lhall  take  a particular  notice  of  it.  For,  not  to  men-  marcafitesfrom 
tion  examples  from  travels  and  voyages,  I have  myfelf  met  with  numbers"'^***"'"' 
who  had  great  expectations  from  marcafites.  And  I have  receiv’d  not  onlv 
from  places  near  home,  but  even  from  the  Indies,  foffils,  whereof  mv  opi- 
nion  was  defir  d ; which  I found  to  be  only  marcafites.  Many  of  thefe 
foffils  have  two  qualities,  that  make  them  fit  to  delude  the  vulgar;  for 
they  fhew  a multitude  of  ffiining  ftreaks,  refembling  gold  ; or  have,  at  the 
lame  time,  a weight  equal  to  that  of  true  metalline  ores.  Marcafites, 
then,  being  thus  adapted  to  impofe  upon  the  unwary,  I have  had  much 
ado  to  undeceive  fome  perfons,  as  to  the  pleafing  confidence  they  had  en- 
tertainid,  that  thefe  promising  foffils  were  lumps  of  rich  gold,  or  filver- 
ore.  Wherefore,  fince  their  weight,  the  criterion  of  minerals,  is  one  of 
the  two  things  that  delude  fo  many,  I ffiall  give  a few  inftances  of  the  fpe- 
cihc  gravity  of  marcafites,  to  make  it  appear,  that  fome  of  them  are,  bulk 
tor  bulk,  far  more  ponderous  than  true  metalline  ores.  And,  indeed,  the 
great  ponderosity  of  foffils,  has  feveral  times  occafioned  me  to  determine, 
before  trial,  that  they  were  marcafites.  But,  to  prevent  being  impos’d 
on,  by  this,  or  the  like  fpecious  fubftance,  it  is  but  placing  it  in  a ftrong 
nre,  and  biowing  now  and  then  with  a pair  of  bellows  ; for  by  this 
means  the  fulphur  wherewith  marcafites  abound,  will  take  fire,  and  bum 
with  a name  for  the  mod  part  blue,  like  that  of  common  fulphur  : fo  that 
once,  y duulJation,  in  a clofe  veffiel,  I obtain’d  four  ounces  of  good  brim- 
itone  from  three  pounds  of  thefe  (tones.  And,  if  when  thisfoffil  ceafes  to 
dame  and  fmoke,  it  be  taken  out  of  the  fire,  and  fuffer’d  to  cool,  it  will 
be  depnv  d of  all  its  gaudy  appearance,  and  turn’d  to  a brittle,  blackifii 
luDltance,  very  different  from  that  of  a proper  metalline  ore.  Marcafites, 
however,  may  be  look’d  upon  as  a kind  of  metalline  bodies  ; for  I have 
ound  ieveral  of  them  to  contain,  not  only  particles  of  copper,  but  alfo  of 
iron,  or  iteel ; for,  after  calcination,  applying  the  pulveriz’d  remains,  to  a 
vigorous  load-uone,  great  multitudes  of  chalybeate  corpufcles  quickly  ad’ 
ie|e.drtthe.rfy°-  And  I remember  in  a catalogue  of  the  foffils  of  Mifnia, 

^Ur  1 'e(f  Kent  m annus  under  the  head  of  Pyrites,  he  places  feveral  mar- 
caites ; fome  whereof  contain’d  copper,  others  filver,  others  gold,  and 
o iers,  again,  both  filver  and  gold.  Having  prefented  a very  fine  marca- 
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Statics,  fite  to  the  overfeerof  one  of  the  emperor’s  beft  mines,  he  presently  exa- 
i min’d  it,  by  a peculiar  way,  with  hopes  to  find  in  it  fome  gold  or  filver; 

but,  inftead  thereof,  obtain’d  a parcel  of  running  mercury,  which  he  pre- 
fented  me.  Notwithftanding  the  caution  here  given,  I do  not  deny  but 
that  *tis  poflible  for  a skilful  artift  to  make  a profitable  ufe  of  marcafites, 
either  by  fixing  the  volatile  gold,  or  filver,  to  be  found  in  fome  of  them’ 
by  graduating  filver  by  their  means,  &c.  But  that  for  which  I much  more 
value  them,  is,  what  I defire  fhould  be  well  remark’d,  that  I am  perfua- 
ded,  if  they  were  fimply,  and,  of  themfelves,  but  dextroufly  handled, 
they  may  afford  very  noble  and  uncommon  medicines,  particularly  excel- 
lent in  continual  fevers,  tho’  their  ufual  operation  be  almoft  infenfible,  un- 
lefs  by  their  good  effedts. 

Directions  to  6.  I muft  not  here  omit,  that  tho’ many,  who  make  trials  of  ores,  va- 
fnd  the  beft  lue  their  own  flux-powders,  or  fuch  as  are  cry’d  up  by  others;  yet  they 
commonly  feem  to  expedl  nothing  from  thofe  they  prefer,  more  than  that 
' JJJ  they  fhould  befl:  facilitate  the  fufion  of  the  ore,  as  that  which  being  once 
done,  the  metalline  part  will  feparate  by  its  own  weight,  or,  as  it  were, 
fpontaneoufly.  But  yet,  having  purpofely  examin’d  the  matter  more  nice- 
ly, and  compared  the  quantities  of  metal  obtain’d  from  two  portions,  of 
equal  weight,  of  the  fame  ore,  we  found  thofe  proportions  confiderably 
differ'd  ; tho’  that  which  yielded  leaft  metal,  was  flux’d  down  with  a coftly 
and  well-adapted  powder.  And  I doubt  not  but  from  other  metalline  ores 
a greater  quantity  of  pure  metal  is  obtainable,  by  fome  flux-powders, 
that  are  but  little  employ’d,  or  known,  than  by  others  that  are  much 
more  famous  and  common.  Thus  two  equal  portions  of  the  fame  lead- 
ore,  clear  of  fpar,  being  the  one  reduced  with  a due  weight  of  nitre  and 
tartar  fulminated  together,  afforded  me  a much  lefs  proportion  of  malle- 
able lead,  than  the  other,  by  means  of  half,  or  a quarter  the  quantity  of 
filings  of  iron.  And,  to  infbnce  in  a much  more  precious  mineral  than 
lead-ore,  I try’d  the  like  with  fome  ounces  of  good  native  cinnabar,  finely 
pulveriz’d  ; by  adding  to  one  half  a fix’d  alkali  of  tartar,  and  to  the  other 
a. different  flux- powder,  we  obtain’d  from  the  former  twice  as  much  mer- 
cury as  we  did  from  the  latter,  tho’  diftill’d  with  a fix’d  alkali  even  of  a 
mineral  nature. 

Directions  re-  7-  Before  we  proceed  farther,  ’tis  neceflary  the  reader  be  acquainted 
j'ating  to  the  with  the  method  of  weighing  heavy  bodies  in  water ; which  being  liable  to 

ST/SrSf/f  leveral  contingencits>  ’tis  ProP^r  in  this  place  to  take  notice  of° the  more 
eal  balance.  ' considerable  ones. 

But,  firlt,  to  give  a general  notion  of  the  thing,  I defire  the  figure  of 
the  hydroftatical  balance  itfelf,  with  all  its  apparatus,  may  be  view’d  : 
Fig.  26.  wherein  A A,  is  the  beam  of  the  balance,  BB,  the  difhes,  CC,  the  frame 
whereon  the  beam  is  fufpended  ; with  D,  its  Aiding  focket ; E,  the  arm  ; with 
F,  a pulley  ; over  which,  and  G,  another  pulley  pafles  H,  a line  faften’d  to 
I,  a mo  eable  weight;  by  which  the  beam  is  elevated  and  deprefs’d.  K,  is 
a hair  wherewith  to  fufpend  L,  the  body  to  be  weigh’d  in  the  water  of  M, 
the  glafs  ciftern.  N,  is  the  bucket  for  liquors,  O,  the  box  of  grains,  P, 

the 
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the  forceps,  wherewith  to  manage  them,  Qj  the  pile  of  weights,  R,  theSTATics. 
handle  of  the  balance,  and  SSSS,  the  table. 

The  folid  body  to  be  examin’d  fhould  be  ty’d  about  with  an  horfe-hair* 
of  a competent  length,  and  faften’d  at  its  other  end  to  one  of  the  feales 
of  an  exa£t  and  tender  balance ; that  the  body,  having  been  carefully 
weigh’d  in  the  air,  may  be  immerfed  in  a proper  vefiel,  almoft  full  of  fair 
water,  fo  as  to  hang  freely  therein,  and  be  on  every  fide  encompafs’d  with 
the  fluid.  This  done,  put  weights  into  the  oppoflte  fcale,  to  balance  the 
body  hanging  in  the  water ; when  the  beams  of  the  fcale  will  lie  horizon- 
tal, and  the  weights  employ’d  give  that  of  the  body  in  water.  Deducing 
therefore  this  weight  from  the  weight  of  the  fame  body  in  the  air,  by  the 
remainder,  that  is,  the  difference  of  the  two,  divide  the  whole  weight  of 
the  given  body  in  air,  and  the  quotient  will  fhew  the  proportion  in  fpecific 
gravity  between  the  folid  and  an  equal  bulk  of  water.  To  illuftrate  this 
by  an  example,  we  put  a fine  piece  of  white  marble,  which  feems  the  molt 
pure  of  any  common  opake  ftone,  into  an  exa6t  balance,  and  took  its^ 
weight  in  the  air  1169  grains  *,  then  a horfe-hair  being  ty’d  about  it,  and 
the  other  end  of  the  fame  hair,  faften’d  to  one  of  the  feales ; under  which,, 
at  a convenient  diftance,  was  placed  a deep  glafs,  almoft  full  of  fair  water  : 
we  fuffer’d  the  ftone  to  hang  freely  beneath  the  furface  of  the  fluid,  and  in 
the  oppoflte  fcale  placed  weights  enow  to  bring  it  to  an  equilibrium  with 
the  other.  Thefe  weights  amounted  to  738  grains,  which  gave  us  the 
weight  of  the  marble  in  water  \ which  being  fubftradled  from  the  weight 
of  the  fame  ftone  in  air,  there  remain’d  43 1 grains  for  the  weight  of  the 
equal  bulk  of  water:  by  this  remainder  we  divided  the  weight  of  the  mar- 
ble in  air,  viz.  1169,.  and  found  the  quotient  to  be  2.7  nearly,  for  the  fpe- 
cific gravity  of  white  marble  to  water. 

’Tis  here  manifeft,  from  the  nature  of  the  thing,  that  the  body  propos’d 
to  be  weigh’d,  mult  be  heavy  enough  to  fink  in  water  ^ otherwife  its  weight 
in  the  fluid  cannot  be  fignificantly  deducted  from  its  weight  in  air:  but  if 
there  be  occafion  to  weigh  in  water  a body  lighter  in  fpecie  than  water,  it 
may  be  done,  tho’  with  difficulty,  by  joining  to  it  another  body  that  is. 
able  to  fink  it. 

8.  A horfe-hair  is  made  choice  of  for  hydroftatical  operations,  becaufe 
’tis  thought  to  be  of  the  fame  fpecific  gravity  with  water  ; and  tho’  that 
be  not  ftridlly  true,  yet  a horfe-hair  is  fitter  to  be  employ’d  in  thefe  trials, 
than  any  other  firing  I know  of ; and  its  weight  ufually  differs  fo  little  from' 
that  of  water,  that  the  difference  may  be  fafely  negle&ed  : but  if  the  folid 
propofed  be  too  heavy  to  be  fuftain’d  by  a Angle  hair,  leveral  of  them 
may  be  twifted  together. 

9.  I fometimes  had  occafion  to  examine  bodies  hydroftatically,  which, 
by  reafon  of  their  roundnefs,  or  other  inconvenient  figure,  could  not  well 
be  faften’d  to  a hair*,  in  which  cafe  I ufed  hairs  interwoven  into  a kind  of 
a fmall  hop-net,  the  meafhes  whereof  would  not  fuffer  the  body  to  flip 
thro’  them. 


10.  And. 
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Statics.  io.  And  here  let  it  be  noted,  once  for  all,  that  whenever  any  hydrotta- 
tical  trial  is  made,  by  means  of  a horfe-hair,  there  mutt  be  put  into  the 
oppofite  fcale  as  much  of  the  fame  hair  as  feems  equal  to  what  full.: ins  the 
body,  and  appears  above  the  fur  face  of  the  water ; for  that  fluid  only 
takes  off'  the  weight  of  as  much  of  the  hair  as  is  immers’d  in  it:  fo  that 
its  unimmers’d  part  adds  to  the  weight  of  the  pendulous  folid  ; and  there- 
fore ought  to  be  compenfated  by  an  equal  weight  in  the  other  fcale. 

1 1.  When  I referv’d  a balance  for  hydroftatical  trials,  I found  it  conve- 
nient, on  feveral  occafions,  to  take  off  one  of  the  fcales,  with  the  ftrings 
belonging  to  it,  and  fubttitute  in  its  dead  a piece  of  metal  of  a conical, 
or  other  convenient  figure,  and  equal  in  weight  to  the  oppofite  fcale  ; as 
alfo,  at  the  fame  end  of  the  firing,  to  fatten  one  end  of  the  horfe-hair  that 
tied  the  body  to  be  weigh’d  in  water.  And  fometimes,  likewife,  when  I 
did  not  takeoff  one  of  the  fcales,  I caufed  it  to  be  perforated  in  the  mid- 
dle, without  leffening  its  weight,  that  fo  the  body  to  be  immers’d  might 
hang  perpendicularly  from  the  centre  of  the  fcale. 

12.  Care  mutt  be  taken  that  the  body  to  be  examin’d  hang  freely  in  the 
water,  fo  that  no  part  of  it,  any  where,  touch  the  bottom,  or  fides  of  the 
vefifel,  or  reach  above  the  upper  furface  of  the  water  it  contains ; for  when 
any  of  thefe  circumttances  are  negledled,  the  true  weight  of  the  folid  is 
fomewhat  alter’d  : and  if  any  part  of  the  body,  or  horfe-hair  ’tis  tied  with, 
appears  above  the  water,  it  adds  to  the  weight  thereof.  And  as  nothing 
but  the  water  is  to  touch  the  hanging  body,  fo  no  part  of  the  fluid  mutt 
touch  the  fcale  from  whence  it  hangs.  1 have  feveral  times  obferved,  that 
immers’d  bodies  have  been  concluded  to  weigh  more  in  water  than  they 
really  do,  from  a negledl  in  obferving,  that  if  the  firing  be  too  Ihort,  or 
the  vefifel  too  full,  the  vibrating  motion  of  the  balance  will,  at  one  time 
or  other,  carry  down  the  fcale  to  which  the  fufpended  body  is  tied,  fo  as  to 
make  fome  part  of  it  touch  the  furface  of  the  water , a few  drops  whereof 
will  readily  flick  to  it ; which,  becaufe  they  adhere  to  its  under  part,  may 
lie  conceal’d  from  a heedlefs  eye,  fenfibly  add  to  the  weight  of  the  fcale,* 
and  make  the  body  be  thought  heavier  than  it  naturally  is  : an  error  very 
prejudicial,  when  exadt  experiments  are  required. 

13.  But  the  molt  ufual  caufe  of  miftakes  in  hydrottatical  trials,  pro- 
ceeds from  hence,  that  the  given  folid,  and  the  firing  whereto  *tis  fatten’d, 
carry  down  with  them  particles  of  air,  which,  perhaps,  too,  may  extricate 
others  that  lay  conceal’d  in  the  pores  of  the  liquor,  in  the  form  of  bub- 
bles. Thefe  aerial  particles  fatten  themfelves  to  the  little  afperities  they 
meet  with  on  the  furface  of  the  immers’d  body,  and  like  fo  many  little 
bladders  of  air,  endeavour  to  buoy  up  the  body  they  adhere  to  ; and  there- 
fore, in  proportion  to  their  number  and  bulk,  lefifen  the  due  weight  of  the 
immers’d  body,  in  water.  Great  care,  therefore,  mutt  be  had,  in  nice  ex- 
periments, to  fhake  the  firing,  and  warily  knock  the  body  againtt  the  fides 
of  the  glafs,  that  the  adhering  bubbles  may  thereby  be  difplac’d,  and 
emerge  to  the  top  of  the  water  : and,  on  fome  occafions,  this  caution  fhould' 
be  ufed  more  than  once  in  the  fame  experiment  •,  becaufe  I have  often  ob- 
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ferv’d,  that  after  theimmerfed  body  has  been  freed  from  the  firft  bubbles  Statics. 
that  appear’d  about  it,  others  iucceeded  in  their  Head,  before  the  experi-  L/W 
ment  was  finiffi’d. 

I have  been  the  more  circumftantial  in  explaining  the  way  of  weighing 
bodies  in  water,  becaufe  experience  hath  taught  me,  that  the  practice  of 
it  is  not  fo  eafy  as  might,  at  firft  fight,  be  expected. 

Having  obtain’d  the  weight  of  the  given  body,  firft  in  the  air,  and  then 
in  water,  according  to  this  method  ; it  will  not  be  difficult  to  difcover, 
pradfically,  the  proportion  in  weight  between  the  folid  and  the  fluid. 

The  foundation  ol  our  pra&ice,  is  this  theorem  o $ Archimedes.  “ A body 
heavier  than  water,  weighs  lefs  in  that,  than  it  does  in  air,  by  the  weight 
of  an  equal  bulk  of  water.”  Whence  we  deduce  a rule  for  our  prefent 
purpofe.  For  if  the  weight  of  the  propofed  body,  whilft  it  is  every  way 
furrounded  with  water,  be  fubftra&ed  from  that  of  the  fame  body  in  air, 
the  remainder  gives  the  aerial  weight  of  a quantity  of  water  equal  in  mag- 
nitude to  the  folid  ; fo  that  having  the  weight  both  of  the  folid  and  fluid, 
divide  the  greater  by  the  lefs,  and  the  quotient  compared  to  an  unit,  will 
be  the  antecedent  of  the  proportion  fought  between  the  folid  and  the  wa- 
ter. And  this  rule  holds  equally,  mutatis  rnutandis , for  other  liquors,  as 
well  as  water. 

To  apply  this  dodtrine  firfb  to  ores. 

Many  learned  men  have  been  of  opinion,  that,  properly  fpeaking,  there  The  hydrojla- 
were  no  fuch  things  as  gold  mines  j and  I confefs  myfelf  to  have  been  long  Uca^baJance 
kept  in  fufpence  as  to  this  particular  : for,  notwithftanding  all  the  inquiry  andfirjl  tl^* 
I could  make  after  mines,  wherein  gold  was  the  predominant  metal,  I could  gold-ore . 
not  find  a man  who  would  fay  he  had  feen  any.  At  length,  I met  with 
fome  ore,  prefented  to  King  Charles  II.  which  I judged  to  be  genuine  ; 
and  alfo  received  from  an  unknown  hand  in  the  Eaft- Indies , another  piece, 
in  the  clefts  whereof  and  a little  beyond  them,  there  appear’d  fome 
lumps,  wherein,  by  their  colour  and  other  figns,  it  feem’d  man ifefl  that 
gold  was  the  predominant  metal.  But  the  largeft  piece,  and  that  which 
was  beft  furniffi’d  with  metalline  parts,  weighing  about  an  ounce  and  a 
quarter,  contain’d  fo  great  a proportion  of  fpar,  that  its  fpecific  gravity  to 
water,  was  but  as  2.21  to  1.  Its  metalline  portion,  however,  feem’d  to  be  all 
gold  ; for  there  appear’d  no  fign  of  any  other  metal  therein,  nor,  in  fome 
lefier  pieces  that  I receiv’d  along  with  it.  Its  fpar,  or  ftony  matter,  wherein 
the  true  ore  is  immediately  lodg’d,  did  not  refemble  the  fpar  of  lead-ore, 
or  that  of  any  other  of  our  Englifh  metals  but  feem’d,  at  firft  view,  to  be  a 
kind  of  white  marble,  with  a daffi  ofyellow.  And,  upon  trial,  I found  it  dif- 
fer’d Hill  more  from  the  fpar  of  lead-ore,  which  with  us,  is  ufually  white, 
and  almoft  femi-diaphanous.  For  our  fpar  of  lead-ore  is  often  fo  foft,  that 
it  may  eafily  be  cut  with  a knife ; but  the  fparry  portion  of  this  gold-ore  was 
a folid  ft  one  ; and  fo  hard,  that  when  ftruck  againft  a piece  of  fteel,  it 
would  yield  fparks  of  fire.  And,  farther,  the  fpar  of  lead-ore  will  eafily, 
and  fuddenly,  calcine  to  a kind  of  lime  ; but  our  golden-fpar,  tho’  kept 
for  feme  hours  red-hot  in  a crucible,  did  not  appear  to  be  at  all  cal- 
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Statics,  cined.  The  fpar  of  lead -ore  will  alfo  diffolve  in  fome  acid  menftrua, 
\yW  and  even  in  diftill’d  vinegar  : yet  I could  not  find  that  this  golden  fpar’ 
when  kept  for  feveral  hours  in  fpirit  of  fait.  Aqua,  fortis , or  Aqua  regia] 
was  manifeftly  wrought  upon  by  any  of  them. 

A piece  of  fpar,  that  feem’d  fcarce  to  contain  any  gold  at  all,  being 
hydroftatically  examin’d,  we  found  its  fpecific  gravity  to  water,  as  2.65 
to  1. 

Thefe  obfervations,  imperfed  as  they  are,  may,  perhaps,  be  ferviceable 
to  fuch  as  have  never  feen  true  gold- ore;  and,  in  particular,  to  thofe  who 
fearch  after  gold-mines  in  Jamaica  : where,- as  general  Venables , the  perfon 
who  conquer’d  it  for  the  Englifh , inform’d  me,  at  his  return  from  thence, 
the  Spani/h  governor  of  the  ifiand,  whilft  his  prifoner,  confefs’d  there  was 
mineral-gold  ; tho’  the  Spaniards,  for  want  of  workmen,  could  not  dig 
deep  enough  in  quell  of  it. 

By  what  I have  faid  of  the  true  gold-ore,  I would  not  have  any  one  dif- 
couraged  from  feeking  for  gold  in  other  metals;  becaufe,  I know,  it  may 
fometimes  be  found  blended  with  predominant  minerals,  as  appears  from 
the  copper-mines  of  Cremnitz , whence  a confiderable  quantity  of  gold  is 
yearly  obtain’d.  And  I have  feen  an  Englifh  tin-ore,  wherein  there  lay, 
in  little  cells,  a number  of  fmall  leaves  or  chips  of  gold  ; and  tho’  the  tin- 
men, being  unable  to  feparate  them  to  profit,  ufually  melted  both  the  me- 
tals together,  and  fold  the  mafs  for  mere  tin  ; yet  the  owner  of  the  mine 
allured  me,  that  one  of  his  work-men  advantagioully  employ’d  his  own 
children  to  pick  the  gold  out  of  the  ore,  when  skilfully  broken.  There  is 
alfo,  a place  in  Scotland , where,  over  a lead-mine,  near  the  furface  of  the 
ground,  they  often  find  large  grains  of  native  gold  free  from  fpar  ; fome  of 
which  1 thought  worthy  to  be  prefented  to  that  curious  examiner  of  ores. 
Prince  Rupert ; and  I Hill  have  a piece  of  native  metal  by  me,  that  came 
from  the  fame  place,  in  weight  above  forty  grains,  and  wherein  gold  is 
the  predominant  metal. 

I have  found  a grain  of  natural  Scotch  gold,  without  any  adhering  fpar, 
to  weigh  three  drams,  twenty-one  grains  ; another  grain  of  the  fame,  that 
had  a little  fpar  flicking  to  it,  weigh’d  three  drams,  three  grains;  fothat, 
allowing  for  the  heterogeneous  fubltance,  it  weigh’d  about  three  drams. 
And,  laltly,  a grain  ot  Scotch  gold  weigh’d,  in  air,  43  grains  ; in  water, 
39  i grains  ; whence  its  proportion  to  water  is  as  1 2 | to  1 . ' 

It  often  happens,  that,  among  the  lelfer  grains  of  gold,  properly  call’d 
fand-gold,  there  are  pieces,  fingly  big  enough  to  be  ty’d  about  with  a horfe- 
hair,  and  weigh’d  in  water  ; to  which,  therefore,  our  hydroftatical  way 
of  examining  ores  may  beufefully  apply ’d.  For,  fince  pure  gold  is  to  wa- 
ter of  the  fame  bulk,  as  18  or  19  to  1 ; it  will  readily  appear,  whether  the 
fragment  propofed  be  perfe&ly  pure,  or  not. 

We  frequently  receive  from  the  maritime  parts  of  Africa , fmall  frag- 
ments of  gold,  in  the  form  of  fand  or  gravel,  which  feem  to  have  been 
walk’d  away  from  hidden  veins  by  the  violence  of  the  waters  ; to  eftimate 
the  genuinenefs  and  degrees  of  purity  whereof,  our  hydroftatical  method 
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of  examination  may  be  of  Angular  fervice.  For  the  fpecific  gravity  ofSTATics. 
perfe&ly  refined  gold  to  water,  being  known  ; ’tis  hence  eafy  to  examine 
its  degrees  of  finenefs.  And,  when  once  the  true  fpecific  gravity  of  a 
parcel  of  fand  gold  is  known,  together  with  its  degree  of  finenefs,  gain’d 
by  collateral  trials  ; this  fpecific  gravity  may  be  ufed  as  a ftandard,  where- 
by to  try  the  finenefs  of  other  parcels  of  the  like  native  gold  : whence  the 
fraud  of  the  Negroes  may,  in  this  cafe,  be  prevented  ; whooftenclandeftinely 
mix  with  the  right  find-gold,  filings  of  copper,  or  brafs;  whofe  fpecific 
gravity  is  not  half  fo  great  as  that  of  fine  gold. 

Aqua  fortis , alfo,  would  immediately  difcover  this  fraud,  which  will  not 
work  upon  gold  ; but  corrodes  brafs,  and  thereby  gains  a colour  betwixt 
blue  and  green  ; tho’  if  much  filverbe  naturally  mix’d  with  the  gold,  this 
proof,  by  Aquafortis,  will  require  skill:  and,  therefore,  good  fpirit  of 
urine  may  be  fubftituted  in  its  Head,  occafionally ; for  this  will  readily 
work  upon  filings  of  copper  or  brafs  in  the  gold,  and  gain  from  them  a fine 
blue  colour.  And,  to  haften  the  operation  of  this  liquor  on  filings  of 
brafs  or  copper  ; ’tis  but  fpreading  them  thin,  upon  a piece  of  white  pa- 
per, and  moiftening  them  throughly  therewith,  that  the  air  may  promote  its 
action  ; for,  by  this  means,  I have  often  produced,  in  a few  minutes  time, 
a pleafant  blue  colour  upon  the  paper.  Spirit  of  hart’s-horn,  or  other  vo- 
latile alkalies,  or  even  ftale  rank  urine,  will  ferve  in  time  of  need,  and  yield 
the  fame  phenomenon. 

But  ifa  folid  fubftance  be  defiredfor  this  purpofe,  common  fal  armoniac 
may  be  ufed,  by  makinga  ftrong  folution  thereof  in  water,  and  applying 
it  as  any  of  the  former  ; for  this  alfo,  will  foon  gain  a greenifh  colour,  or 
a blue,  from  brafs  or  copper,  and  without  affe&ing  the  gold. 

I have  obferv’d  fuch  a variety  of  appearances  and  difguizes  in  metalline  All  minerals 
bodies,  and  other  minerals,  that  I would  advife  the  fearchers  after  mints  fiou/d  be  care- 
to  have  their  eyes  always  open,  and  ready  to  take  notice  of  any  un -fulh  ex~ 
known,  or  uncommon  foffil  ; and  not  negledt  to  weigh  it  in  their  if  ponderoUs, 
hands;  and  if  it  feem  to  exceed  the  weight  of  cryftal,  or  marble,  to  bydrojlati- 
examine  it  hydroftatically.  For  there  are  in  England  ^ and  feveral  other  call]. 
countries,  ufeful  fofiils,  ufually  overlook’d  by  the  unskilful.  1 have  found, 
in  this  kingdom,  eagle  Hones  even  upon  the  high- ways ; and  fome  other 
minerals  that  were  not  fufpedted  to  be  of  Engli/h  growth.  And,  I re- 
member, that  palling  by  a potter’s  work-houfe,  and  viewing  the  ground  at- 
tentively, I made  a difcovery  of  manganefe,  a mineral  very  proper  for 
glazing  and  colouring  of  earthen  veffels,  which  the  potter,  afterwards, 
gladly  ufed  for  that  purpofe.  The  fame  perfon  fhew’d  me  a place  that 
contain’d  great  (tore  of  a foffil  fubftance,  unknown  in  England , that  ran 
very  far  under  ground,  like  a vein  of  metalline  ore  ; by  fome  eafy  trials  I 
found  it  abounded  with  vitriolate  fait,  much  more  than  any  marcafite  I had 
examin’d  in  the  form  of  ftones  : whence  I concluded,  it  might  more  pro- 
fitably be  employ’d  to  make  vitriol,  than  the  marcafites  ufed  for  that  pur- 
pofe in  the  works  at  Deptford , or  elfewhere  in  England , 
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Statics.  I remember,  alfo,  that  a mineral  of  an  odd  appearance,  being  fentme, 
as  unknown  to  the  miners  who  dug  it  up  ; I found  it  to  be  the  ore  of  bif- 
muth,  tho’  the  vein  that  afforded  it  was  very  fmall.  But  the  chief  rea- 
fon  for  which  I give  this  particular  caution,  is,  that  an  application  of 
our  general  remark  upon  the  fpecific  gravity  of  foffils,  may  be  extended 
to  a new  and  confiderable  ufe  ; for  we  need  not  confine  ourfelves  to  exa- 
mine only  thofe  foffils,  whereof  we  can  obtain  pieces  fufficiently  large  to 
be  fingly  weigh’d  in  water ; becaufe,  not  to  mention  the  minerals  that  may 
be  found  ufeful  to  the  phyfician,  the  drugfter,  or  the  mineralift  ; the  ores 
of  metals  may  be  often  found  difguiz’d  in  the  form  of  earth,  or  mud,  that 
How  to  exa-  is  eafily  dry’d  ; which  foffils,  tho’  unfit  to  be  immediately  fufpended  by  a 
mineearibs,  horfe-hair,  may  conveniently  be  examin’d  by  means  of  a glafs  jar-bucket, 
°ces  hydroma-  a known  fpecific  gravity:  for,  this  veffel  being  almoft  fill’d  therewith, 
tic  ally.  J and  that  matter,  carefully  counterpois’d  in  air,  and  made  thoroughly  wet 
with  water,  and  the  whole  warily  let  down  in  the  fame  fluid,  and  there 
kept  fufpended  by  a horfe- hair,  tied  to  a tender  balance,  the  difference 
between  the  weight  of  the  mineral,  and  veffel  in  air  and  water,  will  be 
obtain’d  ; the  weight,  therefore,  of  the  veffel,  in  water,  being  fubftra- 
6led  from  that  difference,  will  give  the  weight  of  the  foflil  in  water,  and, 
confequently,  its  fpecific  gravity  in  water. 

And  to  fhew  that  this  method  wants  not  proper  fubjedls,  whereto  it  may 
be  apply ’d  ; we  are  told,  that  one  of  the  belt  forts  of  Swedi/h  iron  is  often 
found  in  the  form  of  a red  mud,  at  the  bottom  of  lakes,  or  other  ftagnant 
water:  and  I have  obferv’d  Englijh  okers  to  be  richer  in  iron,  than  fome 
ores  of  that  metal.  And,  an  experienc’d  writer,  upon  the  gold  and  filver 
mines  of  America  ^ takes  notice,  that  gold,  itfelf,  is  often  found  difguized  in 
a reddifh  earth.  Vannochio , alfo,  a famous  Italian  mineralift,  tells  us,  that 
a reddifh  fort  of  earth,  fometimes,  contains  the  richeft  metals.  I,  myfelf, 
have  obferv’d  fome  finely  figur’d  cryftals,  to  grow  in  a red  earth.  And, 
laflly,  a traveller  prefented  me  with  a certain  earth,  which  he  affirm’d  to 
come  from  the  diamond-mines  ; and  this  alfo  1 found  to  be  red. 

Colour'd  fands  But  a mineralift  may  make  a more  advantagious  ufe  of  our  hydroftatical 

and  gravel,  bucket,  by  employing  it  in  weighing  colour’d  fands  and  gravel.  And,  to 
fhew  how  apt  we  are  to  over-look  fands,  for  want  of  trying  them  by  weight ; 
I have,  fometimes,  feen  a fort,  flighted  as  worthlefs,  which  being  wafh’d, 
and  view’d  thro’  a microfcope,  appear’d  like  a heap  of  fmall  granats,  and, 
perhaps,  were  really  fo.  But  what  is  more  extraordinary,  having  ob- 
ferv’d, that  the  black  fand,  ufually  employ’d  to  dry  frefh  writing,  feem’d, 
manifeftly  heavier  than  the  common  ; I examin’d  it  by  the  hydroftatical 
bucket,  which  gave  us  its  fpecific  gravity  to  water,  as  about  4 .6  to  1 ; 
and,  by  melting  it  down,  with  two  or  three  parts  of  antimony,  and 
calling  it  into  an  iron  cone,  I found  it  of  an  irony  nature;  and,  by  apply- 
ing it  to  a load- ftone,  to  be  far  richer  in  metal,  than  any  of  our  Engli/h 
iron  ores ; for,  at  leaft,  feven  parts  in  eight,  would  eafily  be  taken  up  by 
the  magnet.  But  fuch  obfervations  as  thefe,  are  not  my  chief  motives  to 
recommend  the  examination  of  fands  and  gravel  to  the  mineralift. 

’Tis 
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*Tis  well  known,  that  European  traders  yearly  bring  large  quantities  ofSTATic?. 
gold  from  the  coaft  of  Guinea , wnich  is  wafh’d,  or  pick’d  out  of  the  fund. 

And  even  in  Europe  there  are  rivers  whofe  fand  is  inrich’d  by  grains  of 
gold.  For  this,  the  Tagus,  that  runs  by  Lisbon,  and  Paftolus,  were  fa- 
mous among  the  ancients.  An  induftrious  chymift  aflur’d  me,  he  got 
gold,  with  profit,  from  the  (and  found  on  the  banks  of  the  Rhine:  and 
there  is  a little  river  in  Savoy,  on  the  banks  whereof,  after  a land- flood,  I 
faw  poor  people  employ’d  in  feeking  for  grains  of  gold.  Some  trial, 
alfo,  that  1 caufed  purpofely  to  be  made,  confirm’d  me  in  a perfuafion, 
that  the  fands  of  many  places,  if  skilfully  treated  by  chymiftry,  may  af- 
ford much  more  gold  than  is  got  from  them  in  form  of  grains.  For,  be- 
fldes  that  there  may  be  many  particles  of  gold,  fo  very  minute,  and  clofely 
fix’d  to  grains  of  fand,  as  not  to  be  taken  notice  of  by  the  eye,  or  prove 
feparable  by  walking  or  picking  *,  there  may,  as  I conceive,  be  many 
fmall  portions  of  that  metal  incorporated  with  the  body  of  the  fand  ; 
which  a skilful  artift,  by  the  help  of  proper  additions,  might  feparate  to 
good  advantage  *,  efpecially  if  with  litharge,  or  minium,  the  fand  be  firfl: 
reduced  to  a glafs,  and  then  care  be  taken  to  get  the  volatile  gold,  by  giv- 
ing it  a pure  body,  fit  to  retain  and  fix  it ; fuch,  for  example,  is  fine  fil- 
ver,  out  of  which,  I remember,  we  feparated,  by  quartation,  from  a 
crucible  full  of  vitrified  fand,  and  two  or  three  fluxing  materials,  of  fmall 
price,  fixteen  grains  of  pure  gold. 

Volatile  gold  is,  I know,  by  many  learned  men,  look’d  upon  as  a ficti- 
tious thing  •,  yet  I have,  by  the  help  of  an  addition,  inconfiderable  as  to 
bulk,  and  more  fo  as  to  weight,  without  a naked  fire,  and  in  a glafs  re- 
tort, fublimed  crude  gold,  fometimes  in  the  form  of  a yellow  fait ; and 
fometimes,  when  the  operation  fucceeded  better,  in  that  of  thin  cryftals, 
prettily  fhaped,  gloflfy,  and  as  red  as  rubies : this  by  the  bye.  It  may  per- 
haps be  more  ufeful  to  fearchers  after  rich  foflils,  to  obferve,  that  when 
they  meet  with  fands,  earths,  mineral  fragments,  &c . whofe  fpecific  gra- 
vity but  little  exceeds  that  of  cryftal,  and  yet,  by  the  place  wherein  they 
are  found,  or  by  other  tokens,  give  hopes  of  their  containing  particles  of 
gold,  they  fhould  not  haftily  rejedl  them.  For  having  fometimes  difco- 
ver’d  corpufcles  of  iron  and  fleel  in  a vafl  variety  of  foflils,  and  difguizes, 

I fufpedt  that  fome  golden^particles  may  lie  conceal’d  in  feveral  bodies, 
which  are  thought  to  contain  no  metal ; and  flill  more  in  metalline 
ores. 

But  thofe  who  would  apply  hydroftatics  to  ores  in  general,  fhould  en 'r  Ores  in  gent- 
deavour  to  procure  fpecimens  of  different  mines,  efpecially  if  they  b era/;  and  that 
found  in  the  fame  country  *,  and  either  by  trial,  or  ftrid  inquiry,  inform  °f  leading- 
themfelves  what  proportion  of  the  refpedlive  metal  they  contain.  Eoiticu  a'' 
thefe  portions  of  ores  and  minerals  being  carefully  weigh’d  in  air  and 
water,  and  their  fpecific  gravities  thereby  known,  may  ferve  for  a kind 
of  flandard,  wherewith  to  compare,  hydroftatically,  the  metalline  portions 
contain’d  in  other  parcels  of  ore,  of  the  fame  fpecies.  Thus,  for  in- 
stance, all  our  EngUJh  lead-ores,  worth  taking  notice  of,  may  be  divided  into 
2 three 
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Statics,  three  kinds;  and,  in  each  of  chefe,  a latitude  allow’d  for  greater  or  lefs 
degrees  of  goodnefs.  Of  the  firff:  fort  are  thofe  that,  in  the  ordinary  ways 
of  melting,  hold,  fome  of  them,  from  thirty  to  forty  pounds  of  lead  in 
an  hundred  weight,  and  others  to  forty  five  pounds;  which  are  often 
flighted,  as  fcarce  worth  the  working.  The  fecond  fort  may  reach  from 
forty-five  to  fixty  pounds  in  a hundred  ; but  the  moft  ufual  proportion,  I 
have  found,  in  my  trials,  hath  been  about  half  the  weight  of  the  ore,  in 
clean  and  malleable  lead.  Thefe  are  thought  indifferently  good,  and  worth 
the  working  ; but  others,  comprized  in  this  fecond  fort,  hold  about  fifty- 
five,  and  fome  near  fixty  pounds  ; and  thefe  we  look’d  upon  as  pretty  rich. 
As  for  the  third  fort,  it  may  confifi:  of  thofe  that  yield  from  fixty  to  eighty 
pounds  in  the  hundred;  and  fuch  ores  are  juftly  reputed  very  rich,  efpe- 
cially  if  they  come  near  up  to  eighty  pounds.  1 confefs  I never  met  with 
any  that  reach’d  fo  far;  but  was  afliir’d  by  the  mafter  of  his  majefty’s 
mint,  that  he  had  found  fome  fuch.  Thefe  look  as  if  they  were  all  me- 
tal ; and  I have  obferv’d  fome  lumps  thereof  to  be  compos’d  of  feveral 
large  cubes,  very  firmly  adhering  to  one  another. 

As  to  the  ores,  presented  me  from  different  countries,  I have  inferted 
their  fpecific  gravities,  in  the  table  annexed  to  this  treatile  ; fuppofing  it 
may  be  of  ufe,  in  making  a conje&ure,  with  other  concurrent  circumftan- 
ces,  whether  a mine  may  be  advantagioufiy  wrought;  but  concurrent  cir- 
cumftances  are  by  no  means  to  be  negle&ed. 
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To  the  Lapis 
Lazuli. 


SECT.  II. 

WE  come  now  to  the  fecond  part  of  our  defign  ; that  is,  to  apply 
the  hydroftatical  balance  to  the  Materia  medica.  And  firff,  there 
is  a deeply  red,  and  opake  hard  mineral,  call’d  in  the  /hops  by  the  name 
of  Lapis  Hcematites , which  tho’  little  ufed  by  our  Englifh  phyficians,  is,  in 
feveral  places  abroad,  highly  effeem’d,  and,  in  my  opinion,  not  without 
caufe  ; particularly  for  the  fomniferous  quality  to  be  obferv’d  in  fome  of 
its  preparations.  Of  the  Englijh  fort  of  this  fofiil,  we  weigh’d,  in  a ten- 
der balance,  a piece  that  chanc’d  to  amount  to  three  ounces,  two  drams, 
and  a quarter,  firff  in  the  air,  and  then  in  water;  and  found  its  proportion 
to  that  liquor,  as  4. 15  to  1 ; that  is,  almoft  twice  as  heavy  as  a mere  ffone 
of  equal  bulk.  So  great  a weight,  confirm’d  me  in  the  conjecture  I had 
made,  that  this  ffone  contain’d  a large  proportion  of  metalline  fubftance. 
I therefore  fublimed  it,  when  finely  powder’d,  and  diligently  mix’d  it  with 
a double  weight  of  fal-armoniac,  and  found  it,  as  I expeCted,  very  affringent 
upon  the  tongue,  like  feveral  preparations  of  iron  ; and,  for  a farther  proof, 
hiving  put  lefs  than  a grain  of  it  into  a fpoonful  or  two  of  a ftrong  infu- 
fion  of  galls,  it  immediately  produced  a black  and  inky  mixture. 

Lapis  Lazuli  is  fometimes  ufed  by  European , but  more  frequently  by 
the  Arabian , and  other  eaffern  phyficians,  and,  particularly,  as  an  eme- 
tic ; which  faculty  I thought  it  poffefs’d,  upon  account  of  fome  metalline 
ingredient : and,  accordingly,  having  hydroftatically  examin’d  a piece,  that 
was  judg’d  moderately  rich,  we  found  the  proportion  thereof  to  an  equal 
2 bulk 
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bulk  of  water,  as  3 to  1 ; which  argues,  that  notwithftanding  its  brisknefs Statics. 
in  operation,  it  contain’d  a much  fmaller  proportion  of  metalline  fub- 
ftance  than  Lapis  Haematites  y or  feveral  lefs  violent  minerals. 

The  load-ftone  is  applicable  to  medicinal  ufes,  and  may  have  fen [ftAzLke  magnet. 
operations  upon  the  human  body*-,  for  which  reafon  we  examin’d  it  hydro- 
ftatically,  and  found  the  weight  of  a lump  thereof,  that  I .judg’d  to  be  e i- 
ther  Englijh^  or  Norwegian,  was,  in  proportion  to  water  of  the  fame  mag- 
nitude, as  4.93  to  1. 

Lapis  Calaminaris  is  frequently  ufed  in  phyfic,  efpecially  by  chymifts,  Calamine. 
to  abforb  acidities  *,  for  which  purpofe  I prefer  it  to  feveral  more  famous 
drugs:  but  tho*  ’tis  ufually  employ’d  only  as  an  external  remedy,  yet 
fome  uncommon  chymical  preparations  of  it  make  me  think  it  deferves  to 
be  further  examin’d.  A famous  empiric  candidly  allured  me,  that  the  me- 
dicine he  with  great  fuccefs  made  ufe  of,  againft  Jfluxes,  was  nothing  but 
pure  and  well-ground  Lapis  Calaminaris  *,  hence  I readily  conjedlur’d,  that 
it  participates  of  a metalline  nature:  which  may  alfo  be  argued  from  its 
operation  upon  copper,  which  it  turns  into  brafs  : wherefore,  weighing  a 
piece  of  this  fofiil,  we  found  it  to  water,  as  4.69  to  1. 

Let  it  be  here  obferv’d,  that  tho’  when  a hard  fofTil  is  found  to  be  much 
heavier  than  cryftal,  of  the  fame  bulk,  ’tis  very  probable,  the  folid  con.r 
crete  contains  a confiderabie  portion  of  fome  metalline,,  or  ponderous  mi- 
neral body  ; whence  its  good  or  bad  qualities,  with  regard  to  the  animal 
ceconomy,  may  probably  be  deduced  *,  yet  ’tis  very  pofiible  for  a fofiil  to 
be  endow’d  with  medicinal  virtues,  or  noxious  qualities,  on  account  of  its 
extraneous  matter,  tho*  its  fpecific  gravity  but  little  exceeds  that  of  cry- 
ftal, or  the  difference  be  inconfiderable  ; for  a very  fmall  proportion  of 
adventitious  metalline,  or  mineral  fubftance,  if  it  be  of  a violent  nature, 
may,  in  fome  cafes,  diffufe  itfelf  thro’  the  reft  of  the  mafs,  and  impreg- 
nate it  with  adtive  qualities  ; as  we  fhall  fee  hereafter. 

But  further,  this  method  of  examination  may  afiift  us  to  guefs,  with  R$d  coral 
probability,  whether  a mineral  body  be  of  a ftony  nature,  or  not.  Thus 
coral,  for  infiance,  is  by  fome  thought  to  be  a plant,  by  others  a Lytbo - 
dendron  \ but,  by  the  greater  number,  a precious  ftone:  in  which  diffe- 
rence of  opinions,  its  fpecific  gravity  may  prove  of  confiderabie  fervice. 

We  therefore  weigh’d  a piece  of  choice  and  well-colour’d  red  coral,  firfi 
in  air,  and  then  in  water,  and  found  its  proportion  to  an  equal  bulk  of 
the  latter,  to  be  as  2.68  to  1 : whence  their  opinion,  who  take  it  for  a 
ftone,  feems  moft  probable  \ fince  its  fpecific  gravity  exceeds  that  of  cry- 
ftal. 

Pearls,  becaufe  of  their  hardnefs,  are  often  thought  of  a ftony  na-  peiV . . 
ture.  A monftrous  one  being  prefented  me,  that  was  taken  out  of  an  oy- 
fter,  its  fhape  irregular,  its  magnitude  extraordinary,  and  its  aerial  weight 
amounting  to  206  grains  ; I weigh’d  it  in  water,  and  found  it  to  be  thereto 
as  2.51  to  1 : fo  that  its  fpecific  gravity  nearly  equall’d  that  of  cryftah 
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Calculi  humani  are  frequently  fuppofed  to  be  true  and  genuine  ftones ; 
and,  indeed,  the  great  hardnefs  of  feveral  of  ’em,  may  not  improperly  en- 
title them  to  that  appellation  : however,  I fhould  rather  call  them  animal 
ftones,  than  fimply  ftones  ; which,  by  our  method,  may  be  eafily  diftin- 
gu ifh’d  from  thofe,  and  other  the  like  hard  concretions,  found  in  the  bodies 
of  animals.  For,  having  a confiderable  number  of  thefe  animal  ftones ; I 
found,  not  only  by  chymical  analyfis,  that  they  belong’d  notto  the  mineral 
kingdom  * but,  by  an  hydroftatical  examination  of  feveral  of  them,  I found 
they  d iffer’d  greatly  in  fpecific  gravity  from  true  foffil  ftones  •,  one  of  them, 
weighing  above  fix  drams  and  a half,  was  found  to  be  in  proportion  to  an 
equal  bulk  of  water,  as  1.76  to  1 •,  and  another,  that  weigh’d  four  drams 
and  above  a half  in  the  air,  being  alfo  weigh’d  in  water,  appear’d  to  be 
thereto  as  1.69  to  1. 

I mention  thefe  ftonMrtis  belonging  to  the  Materia  medica,  tho’  they  are 
look’d  upon  rather  as  morbific  fubftances ; becaufea  famous  phyfician,  who 
pradtifed  long  in  the  Eaft  Indies , and  had  better  opportunity  than  any 
European  had  before  him,  to  try  the  virtue  of  bezoar,  either  equals  or  pre- 
fers them  to  oriental  bezoar. 

We  made  the  like  experiment  upon  bezoar-ftones ; the  firft  of  which 
weighing  in  the  air  three  drams,  and  odd  grains,  was  found  to  be  in  pro- 
portion to  water  of  the  fame  bulk,  as  1.47  to  1.  Another,  weighing 
fomewhat  lefs  than  three  drams,  prov’d  to  an  equal  bulk  of  water,  as  1.53 
to  1.  A third,  being  the  nucleus  of  a larger  ftone,  weigh’d  in  the  air  two 
drams  and  fifty-one  grains  ; and  its  proportion  to  water  of  the  fame  mag- 
nitude, was  found  as  1.55  to  1.  In  which  feveral  inftances,  we  may  ob- 
ferve,  that  thefe  animal  ftones,  notamounting  to  twice  the  weight  of  an 
equal  bulk  of  water,  have  a lefs  fpecific  gravity,  by  above  a fifth  part, 
than  a true  roftil  ftone. 

Again,  we  may  by  hydroftatics  be  aflifted  to  difcover  the  refemblance 
or  difference  between  bodies  of  the  fame  denomination.  Thus,  for  in- 
ftance,  we  have  found  a notable  difference  between  the  fpecific  weights  of 
feveral  load- ftones  dug  up  in  different  countries  or  mines:  and  if  a greater 
number  and  variety  of  experiments  of  this  kind  were  made,  we  might  pofli- 
bly  find,  that,  cceteris  paribus , themagnetsof  one  country  or  mine,  are  con- 
fiderably  heavier  than  thofe  of  another:  for  I ufually  obferve,  that  the 
Englifb  and  Norwegian  load- ftones  are  heavier  in  fpecie  than  thofe  which  are 
faid  to  come  from  Italy.  And  this  difference  of  weight  between  foflils  of 
the  fame  kind,  when  confiderable,  may  help  us  to  diflinguifh  between  the 
ftones  of  the  fame  loweft  fpecies,  that  are  peculiar  to  different  countries  or 
mines.  But  in  cafe  the  unequal  weight  proceed,  as  it  often  does,  from  an 
adventitious  matter  infinuated  into  the  more  genuine  part  of  the  foffil, 
whilft  that  remain’d  fluid  or  foft it  may  enable  us  to  conje&ure  at  its 
greater  or  lefs  purity  ; which,  on  many  occafions,  may  be  of  no  fmall 
ufe  to  a phyfician,  a jeweller,  or  a naturalift. 

Another  confiderable  advantage  of  our  hydroftatical  method,  is,  that  it 
helps  to  difcern  genuine  ftones  from  counterfeit,  which  too  often  pafs 

for 
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for  true,  to  the  great  prejudice  of  phyficians  and  their  patients,  and  the  Statics. 
great  lofs  of  lapidaries  and  their  cuftomers  : for  as  there  are  few  qualities  L/YV 
of  bodies  more  effential  than  their  ponderofity  ; fo  there  is  lcarce  any 
wherein  impoftors  find  more  difficulty  to  make  a notable  alteration,  than 
in  this,  without  being  difcover’d.  In  feveral  cafes,  indeed,  ’tis  not  very 
difficult  to  alter  the  fpecific  weight  of  a particular  body,  yet  it  may,  per- 
haps, be  impracticable  to  make  a confiderable  change  in  that  quality* 
unlefs  by  fuch  additions  or  operations,  as  will  caufe  a fenfible  alteration  in 
fome  other  qualities  too,  and  thereby  fubjeCt  the  fallacy  to  a difcovery. 

And  this  will  prove  more  particularly  difficult  to  vulgar  cheats,  or  adul- 
terators of  gems,  and  other  valuable  minerals-,  becaufe  the  fmall  know- 
ledge they  have  of  the  number  and  variety  of  natural  and  artificial  pro- 
ductions, confines  them  within  narrow  bounds,  to  accompliffi  their  frau- 
dulent defigns.  And  whilft  they  are  intent  upon  counterfeiting  only  the 
more  obvious  qualities  of  things,  and,  perhaps,  upon  eluding  the  known 
and  popular  trials;  they  will,  probably  neglcCt  the  fpecific  gravity.  By 
this  means  a pearl,  for  inftance,  is  difcoverable  to  be  counterfeit,  without 
the  leaft  prejudice  to  it.  And  I remember,  fome  factitious  corals,  which 
I made,  to  fhew  what  might  be  done  in  that  kind,  were,  notwithftanding 
their  fine  colour,  fhape,  and  glofs,  eafily  difcoverable  by  their  fpecific 
gravity  manifeftly  exceeding  that  of  natural  corals. 

And  fometimes  I have  made  paftes,  or  factitious  gems,  with  red  lead  ; 
which,  tho’  tranfparent,  and  finely  colour’d  ; yet  by  reafonof  their  weight, 
were  very  liable  to  be  detected  by  hydroftatical  trials.  I have  feen  a fair 
adulterate  bezoar-ftone  fo  refembling  the  genuine,  that  a great  price  was 
fet  upon  it ; but  being  brought  to  me  for  my  opinion,  I made  no  doubt  of 
its  being  counterfeit,  from  its  appearing  as  heavy,  as  a mineral  ftone  of 
the  fame  bulk. 

Another  ufe  to  be  made  of  our  hydroftatical  method  of  examining  folids.  And  Jheto  the 
is,  on  many  occafions,  to  affift  us  in  making  eftimates  of  the  genuinenefs,^^^^ 
or  the  degree  of  purity  of  feveral  bodies,  that  may  be  ufefully  employ’d  in  a^Q^nt^  °J 
phyfic;  provided  they  are  heavy  enough  to  fink  in  water:  for  when  we 
have  once  found  the  fpecific  gravity  of  a concrete,  which  we  know  to  be 
good  and  genuine  ; the  degree  of  its  ponderofity  may  ferve  for  a kind  of 
ftandard,  whereby  to  judge  of  other  portions  of  the  fame  denomination. 

A great  difference  ffiould,  doubtlefs,  be  made  between  the  eftimate  of 
fome  ftones,  vulgarly  called  gems,  according  as  they  ferve  the  purpofes  of 
jewellers  and  goldfmiths,  of  phyficians  or  chymifts:  for  the  tradefman, 
who  ufually  aims  wholly  at  the  beauty  and  luftre  of  a Hone,  may  juftly 
efteem  thofe,  c ceteris  paribus,  the  beft,  which  are  infpecie  lighted ; becaufe 
fuch  are  generally  more  uniform  as  to  fenfe,  and  more  tranfparent ; and 
alfo  receive  their  colour  from  pigments  of  finer  parts.  But,  on  the  con- 
trary, thofe  who  feek  for  medicinal  virtues  in  gems,  may  juftly  value  fuch 
the  higheft,  as  are  moft  ponderous  ; becaufe  they  are  more  plentifully 
flock’d  with  metalline  or  mineral  fubftances : whence  the  greateft  part 
of  their  virtue  is,  in  all  probability,  derived.  And  this  difference  in  the 
Vol.  II.  U u fpecific 
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fpecific  v/eight  of  Hones  of  the  fame  name,  I have  fometimes  found  far 
greater  than  one,  who  has  not  try’d  them,  would  imagine  ; as  will  appear 
hereafter  : yet  I would  not  from  hence  infer,  that  even  fuch  (tones  as  ap- 
pear fine,  and  are  but  light  in  their  kind,  have  not  metalline  particles  that 
may  give  them  confiderable  medicinal  virtues.  For  there  are  mineral 
pigments  of  fo  fubtile  a nature,  that  fuch  an  infenfibly  fmall  quantity,  as 
will  fcarce  render  them  heavier  than  colourlefs  gems,  may  be  diffufed  thro* 
the  whole,  and  impregnate  every  fenfible  part  thereof.  Thus  I have 
known  five  grains  of  powder’d  zaphora,  mix’d  with  an  ounce  and  half  a 
dram  of  finely  pulveriz’d  Venice  glafs,  and  kept  an  hour  in  fufion  by  a very 
violent  fire,  afford  a tranfparent  mafs,  which  was  throughout  of  a fine 
deep  blue  colour  ; fo  that  one  part  of  the  pigment  tinged  above  a hundred 
parts  of  the  glafs : and  when  we  added  eight  grains  of  zaphora  to  an 
ounce  of  glafs,  that  is,  one  part  to  fixty ; the  mixture  having  been  kept  for 
the  like  time  in  ftrong  fufion  ; the  mafs  was  too  deeply  colour’d  forahand- 
fome  gem. 

And  further  to  manifed,  that  a little  metalline  matter  may  fuffice  to 
give  a tindlure,  and  thereby  impart  a virtue  to  a vitreous  body,  and  even 
to  gems ; 1 (hall  add  another  experiment.  I had  long  conjectured,  that 
there  was  in  granats,  efpecially  in  fome  of  a deep  colour,  abundance  of 
chalybeate  corpufcles,  more  than  fufficient  for  the  granat  itfclf:  upon 
this  fuppofition,  I took  a German  granat,  which  I had  kept  by  me  for  a 
rarity,  on  account  of  its  bignefs  and  deep  colour.  Of  this,  carefully  re- 
duced to  very  fine  powder,  we  exaCtly  mix’d  eight  grains  with  an  ounce  of 
finely  pulveriz’d  cryftalline  glafs,  and  afterwards  kept  the  mixture  for  two 
hours  in  a very  hot  furnace  ; by  which  means,  we  obtain’d  a pretty  uni- 
form mafs,  ting’d  of  a green  colour,  like  what  prepared  iron  or  Heel  gives 
to  pure  glafs. 

Thus  much  may  ferve  in  fome  meafure  to  (hew  the  ufe  of  the  hydro- 
ftatical  method  of  examining  drugs  upon  a fuppofition  that  they  are  folid, 
of  a fufficient  bulk,  and  gravity  able  to  fink  them  in  water.  But  many 
fimples,  and  other  ponderable  fubftances,  that  may  upon  good  grounds, 
be  refer’d  to  the  Materia  medica,  want  one  or  more  of  thefe  conditions : 

1 (hall  therefore  offer  the  expedients  I make  ufe  of  in  fuch  cafes,  to  bring 
them  to  this  hydroftatical  trial.  Now  a body  may  either  be  liquid,  and 
confequently  not  immediately  applicable  to  a (lender  firing  > in  the  form  of 
a powder,  or  fmall  fragments,  and  impofiible,  ordifficultatleaft,  to  fallen 
each  of  them  to  a hair,  and  fufpend  it  as  a body  of  a greater  bulk  ; or 
laftly,  diffoluble  in  water,  and  confequently  unfit  to  be  weigh’d  therein. 

Suppofe  then  the  liquor  we  would  examine,  be  fpecifically  heavier  than 
water,  and  unapt  to  mix  therewith  ; I take  fuch  a bucket,  or  wide-mouth’d 
glafs,  as  we  formerly  mention’d,  capable  of  containing  an  ounce  or  two  of 
common  water,  and  whofe  weight  in  air  is  about  three  or  four  drams.  This 
glafs  we  weigh  very  carefully,  once  for  all,  fil'd  in  air,  and  then  in  water  ; 
and  thereby  find  a weight  equivalent  to  it  in  water  : which  being  put  into 
. the  oppofite  fcale  of  the  balance,  whilft  the  veffel  hangs  under  the  furface 
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of  the  water,  may  be  confider’d  as  having  no  weight  at  all  •,  and,  confe-  St  a tics. 
quently,  the  additional  weight  of  this  bucket,  may  be  alone  taken  for 
that  of  the  contain’d  body  itfelf  in  water  : fo  that,  for  inftance,  the  bucket 
thus  makes  a mafsof  quick-filver,  tho’  fluid,  as  fit  for  weighing  as  if  it 
were  coagulated  into  a folid.  And  in  this  manner  we  proceed  to  weigh  it 
hydroftatical ly,  as  if  it  were  a folid. 

But,  for  the  more  ready  performance  hereof,  ’tis  convenient  to  have  in 
readinefs  a couple  of  weights,  the  one  equal  to  the  weight  of  the  glafs- 
bucket  in  the  air,  and  the  other  to  the  weight  of  the  fame  in  water  •,  for 
thefe  immediately  afford  a counterpoife  to  the  veflfel  in  either  medium. 

And  thus  we  put  a ffnall  glafs-jar,  capable  of  containing  half  an  ounce 
of  water,  into  one  fcale  of  a tender  balance,  and  furnifh’d  the  oppofite 
with  a counterpoife  thereto  *,  into  this  little  veflfel  we  pour’d  480  grains  of 
Spani/h  mercury,  and  fuffer’d  the  bucket,  with  this  mercury  in  it,  to  hang 
by  an  horfe-hair,  from  one  of  the  fcales,  ig  a deep  glafs  veffel  of  water: 
there  was  now  in  the  oppofite  fcale  a counterpoife  to  the  weight  of  the 
glafs  in  the  water  ; fo  that  the  weights  that  were  added,  gave  us  the 
weight  of  the  quick-filver  only  *,  the  weight  of  the  glafs  being  already  al- 
low’d for.  By  this  means  we  found  the  weight  of  the  quick-filver,  in  wa- 
ter, to  be  446  grains*,  whereby  the  greater  number  being  divided,  the 
quotient  is  14,  and  about  tt:  fo  that  the  mercury  appear’d  to  be  in  gra- 
vity, to  water  of  the  fame  bulk  as  14. 1 1 to  1 : tho’,  in  former  trials,  I 
fcarce  found  common  quick-filver  to  weigh  full  fourteen  times,  and  fome- 
times  fcarce  thirteen  and  a half  fo  much  as  an  equal  bulk  of  water.  Whe- 
ther the  weight  of  the  prefent  mercury  proceeded  from  its  participating  of 
gold  more  than  others  ; which,  from  another  experiment,  feem’d  not  im- 
probable ; I will  not  here  determine. 

However,  upon  abundance  of  tryals  of  this  kind,  I did  not  find  that 
all  running  mercuries,  tho’  they  appear’d  unadulterated,  were  precifely  of 
the  fame  weight.  Nay,  I obferv’d,  that  even  diftili’d  mercuries,  if  once 
combined  with  metalline  bodies,  and  particularly  if  drawn  from  fine  gold, 
differ’d  more  from  the  common  fort,  than  thefe  from  each  other  : and  al- 
fo  between  common  mercuries  diftill’d,  we  found  a notable  difference. 

And,  by  this  method,  tho’  not  always  with  the  fame  eafe,  we  may  exa- 
mine thefpecific  gravity  of  other  heavy  fluids  that  are  indifpofed  to  mix 
with  water  *,  fuch  as  are,  for  inftance,  the  chymical  oils  of  cinnamon, 
cloves,  guaiacum,  &c.  But  what  made  me  the  more  circumftantial  in  de- 
livering the  foregoing  experiment,  was,  that  this  pra&ical  direction  for 
weighing  one  liquor  in  another,  will,  hereafter,  appear  applicable  to  very 
ufeful  purpofes. 

The  way  of  hydroftatically  examining  the  powders  and  fragments  of  To  powders 
finking  bodies,  hath  been  already  touch’d  upon  ; and  differs  little  from  the  a0n/fr?-g™ent'5 
former  : only  it  deferves  to  be  again  repeated,  that  great  caution  muft  be**'  0 ies% 
here  ufed  to  moiften  the  powder  with  the  fame  water  wherein  ’tis  to  be 
weigh’d,  before  the  experiment  is  began  ; that  the  liquor  may  have  time  to 
infinuate  itfelf  between  the  dry  corpufcles,  and  thence  expel  the  air  that 
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was  harbour’d  in  their  interfaces:  for  thefe  little  aerial  portions,  if  not 
thus  feafonably  expeird,  would,  upon  the  immerfion  of  the  veffel,  produce 
numberlefs  bubbles  in  the  water,  that  would  buoy  up,  or  fallen  them- 
felvesto  the  fmall  bodies,  and  render  the  experiment  uncertain,  or  falla- 
cious. 

If  this  way  of  examining  bodies  be  carefully  pradlifed  by  a skilful  hand, 
and  with  a tender  balance,  it  may  prove  of  confiderable  ufe  to  phyficians, 
druggifts,  apothecaries,  lapidaries  and  goldfmiths.  Thus,  for  exam- 
ple, the  fragments  of  the  five  precious  flones,  that  are  made  ingredients 
of  Confefflio  Hiacinthi , may  each  fort  of  them,  a-part,  be  properly  examin’d 
by  their  weight  in  water,  when  the  true  fpecific  gravity  of  a parcel  of  the 
finefl  is  once  known.  And,  by  the  way,  tho’  granatsare  reckoned  among 
the  five  precious  medicinal  flones,  and,  in  fome  difpenfatories,  are  pre- 
fer’d  as  the  bell  *,  I have  found  a great  difference,  in  point  of  pondero- 
fity,  between  European  and  American  granats,  compar’d  with  others,  which 
I myfelf  took  out  of  an  odd  American  mineral ; whence,  ’tis  natural  to 
conclude,  that  their  virtues  might  be  very  different,  if  not  as  to  kind,  yet 
at  leafl  as  to  degree.  And  not  only  fadlitious  pearls,  that  often  pafs  for 
genuine,  may  often,  by  this  expedient  be  difcover’d,  efpecially  if  mercury 
enter  their  compofition  ; but  we  may,  probably,  by  the  fame  method,  di- 
flinguifh  the  natural  pearls  of  feveral  kinds,  and  different  countries  ; 
whereof  I have  feen,  and  poffefs  a far  greater  variety  than  would  eafily  be 
credited.  But,  becaufe  it  more  concerns  phyficians,  and  their  patients,  to 
make  an  eflimate  of  feed-pearls,  than  of  the  larger  fort,  that  are  feldom 
ufed  but  for  ornament*,  I fhall  here  obferve,  that,  when  furnifh’d  with 
very  fine  oriental  feed-pearls,  which  feem’d  proper  for  a flandard  where- 
with to  compare  others,  we  found  them  to  water,  of  the  fame  bulk,  as 

to  1. 

But  what  courfe  muff  we  take,  when  the  body  to  be  hydrofiatically  ex- 
amin’d, will  diffolve,  or  eafily  mix  with  water  P Why,  tho’  the  propo- 
fed  body  cannot  be  immediately  weigh’d  in  water  \ yet  we  may  fubflitute 
another  liquor,  that  will  not  diffolve  it,  and  thereby  find  its  fpecific  gra- 
vity to  that  medium  *,  and  then,  by  comparing  the  difference  of  thofe  two 
liquors,  in  point  of  gravity,  we  (hall  difcover  the  body’s  weight  in  water  •, 
fuppofing  it  could  have  been  kept  undiffolv’d  therein.  Confidering,  then, 
that,  except  quick-filver,  the  vifible  fluids  we  can  command,  are  either  of 
an  aqueous,  or  oily  nature  j and  that  molt  bodies,  whereof  we  can  make 
folutions  in  liquors  of  the  former  kind,  will  not  diffolve  in  thofe  of  the 
latter  \ we  prefume,  that  the  moil  faline  bodies,  fuch  as  alum,  vitriol, 
fal-gem,  borax,  fublimate,  &V.  may  be  commodioufly  weigh’d  in  oily 
fluids,  as  oil  of  turpentine,  for  inilance,  or  rather  the  fpiritoi  turpentine, 
which  I,  in  this  caie,  prefer  to  any  other  fluid. 

And  here,  to  avoid  the  trouble  of  calculation,  we  may  often  eafily 
find  the  fpecific  gravity  of  bodies  to  others  of  the  fame,  or  a different 
fpecies ; and  fo  make  a probable  guefs  as  to  their  genuinenefs,  by  being 
provided  with  one  piece  of  the  body,  of  known  purity,  to  ferve  as  a flan- 
dard. 
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dard.  Thus,  for  example,  if  the  goodnefs  of  fublimate  be  fulpefted,  take  Statics. 
an  ounce  of  fome  that  is  known  to  be  fine,  carefully  balance  it  in  oil 
of  turpentine,  and  note  its  weight  therein  ; then  an  ounce  of  the  fufpedted 
fublimate  being  weigh’d  as  the  former,  if  it  prove  of  the  fame  gravity 
with  the  ftandard,  it  may  be  fuppofed  good  j but  if  it  weighs  lefs,  ’tis  a 
fign  it  wants  a due  proportion  of  mercury.  The  fame  method  is  applica- 
ble to  Mercurius  dulcis,  and  many  other  bodies,  wholly,  or  partially  difio- 
luble  in  water ; as  alum,  which  is  often  fophifticated  v/ith  fome  bafer  fait ; 
to  Roman  vitriol,  which  is,  fometimes,  either  counterfeited  or  adultera- 
ted by  roch-alum  and  a tindture  of  copper:  and,  according  as  the  weight 
of  the  body  in  oil  recedes  more  or  lefs  from  that  of  the  ftandard } fo  the 
adulteration  may  be  probably  concluded  lefs  or  greater. 

I might  alfo  obferve  another  ufeful  way  of  eftimating  the  gravity  of Anotherwayof 
folids  and  fluids,  by  taking  a heavy  folid,  and  carefully  obferving,  once  finding  the  fpe~ 
for  all,  its  weight  in  the  air ; then  weighing  the  fame,  firft  in  one  of  th ^cijic  gravity 
liquors  to  be  examin’d,  and  afterwards  in  others:  whence  the  difference of  fluids* 
between  the  folid,  and  each  of  the  fluids  being  obferv’d,  ’tis  eafy  to  find 
the  fpecific  gravity  of  each,  and  to  afilgn  the  proportions  betwixt  them. 

But  if  only  one  folid  be  employ’d,  ’tis  neceflary  fuch  an  one  be  chofen ; 
as  hath  a much  greater  fpecific  gravity  than  is  barely  neceflary  to  fink  it  in 
water  ; becaufe  fome  liquors  are  much  heavier  than  that:  nay,  it  ought 
to  be  heavy  enough  to  fink  in  all  fluids,  except  quick-filver,  if  ’tis  de- 
fign’d  for  experiments  in  general.  But  ’tis  not  very  eafy  to  pitch  upon 
fuch  a Angle  folid  as  hath  all  the  qualities  requifite  to  our  purpofes  : for,- 
it  ought  not  to  lofe  any  of  its  weight  by  the  infenfible  ayolation  of 
effluvia,  yet  be  of  a confiderable  fpecific  gravity,  and  not  too  large,, 
or  intenfely  heavy,  left  it  overload  a tender  balance,  or  require  too 
much  liquor  to  furround  it  ; its  texture  fhould  be  proof  againft  fharp 
and  piercing  menftrua  ; it  fhould  alfo  be  of  a make  not  liable  to  be 
broken  or  fpoil’d  *,  and,  laftlv,  of  a natural,  uniform,  and  procurable 
fubftance. 

Brimftone,  hard  wax,  ivory,  and  white  marble,  have  been,  when  pro- 
perly fhaped,  feverally  made  ufe  of  for  this  purpofe ; yet  they  all  wanted 
one  or  other  of  the  defirable  qualifications  mention’d.  I,  therefore,  fre- 
quently employ’d  three  other  bodies,  as  more  proper.  The  firft  was  a 
piece  of  amber,  between  three  and  four  drams  in  weight,  of  a high  yellow 
colour,  very  tranfparent,  and  of  an  uniform  texture,  and  convenient  figure. 

This  we  apply’d  to  examine  the  lighter  fort  of  liquors,  fuch  as  water, 
wine,  brandy,  &V.  but  ’tis  not  proper  for  the  more  ponderous  liquors,, 
fince  ’twill  float  at  the  top  thereof. 

The  fecond  is  a globular  glafs,  which  I caus’d  to  be  blown  at  a lamp, 
and  to  be  hermetically  feal’d  at  the  neck,  that  was  purpofely  made  very 
fhort,  after  there  had  been  lodg’d  therein  juft  as  much  quick-filver  as  we. 
guefs’d  would  ferve  to  fink  it  in  any  fluid,  except  mercury.  This,  by 
reafon  of  its  great  bulk,  in  proportion  to  its  weight,  was  fit  to  difeover 
minute  differences  in  the  gravity  of  the  liquors  *twas  weigh’d  in,  and 

could 
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Statics,  could  not  be  corroded  by  (harp  menftrua  ; and  therefore,  on  feveral  occa- 
^/W  fions,  I prefer’d  this  inftrument  to  either  of  the  other. 

But  this  being  too  liable  to  accidents,  for  experiments  that  are  to  be  im- 
parted, and  recorded  for  pofterity ; I made  ufe  of  rock-cryftal,  which, 
on  account  of  its  numerous  good  qualities,  affords  a fit  meafure,  whereto 
other  bodies  may  be  compared.  Of  this  pure  concrete,  we  employ’d  an 
almoft  compleat  globe,  weighing  in  the  air  two  ounces,  thirty- three  grains, 
wherein  were  two  fmall  holes  near  one  another,  that  might  eafily  be  Hop- 
ped up  with  hard  wax,  after  an  horfe-hair  had  been  run  thro’  them  ; by 
means  whereof  it  was  eafily  faften’d  to  the  fcale,  and  made  to  hang  in  the 
water.  The  bulk  of  this  fphere  made  it  the  more  fit  to  difcover  fmall  dif- 
ferences between  liquors,  in  point  of  gravity  : but  becaufe  we  may  have 
often  occafion  to  know  the  weight  of  fluids,  which,  bv  reafon  of  their 
fcarcity,  we  can  command  only  in  fmall  quantities  ; as  chymical  oils,  tin- 
ctures, efiences,  &V.  we  provide  for  fuch  liquors  an  hexagonal  prifm  of 
natural  cryftal,  with  a kind  of  pyramid  at  one  end,  which,  by  realon  of 
its  oblong  figure,  might  be  commodioufly  weigh’d  in  a (lender  cylindrical 
glafs,  that  required  but  a fmall  quantity  of  liquor  to  furround  a body  fo 
conveniently  Shaped,  and  that  weigh’d  in  the  air  but  half  an  ounce,  and 
fixteen  grains.  And  to  render  the  obfervations  made  with  thefe  two  bo- 
dies upon  medicinal  and  other  liquors,  the  more  ufeful  *,  let  it  be  taken  no- 
tice of,  once  for  all,  that  the  ball  of  cryftal  was  to  an  equal  bulk  of  wa- 
ter, as  2.57  to  1,  or  thereabouts  ; and  the  prifmatical  oblong  piece,  as 
2.66  to  1,  to  the  fame. 

I have  been  the  more  particular  upon  the  way  of  trying  the  gravity  of 
feveral  liquors  with  one  folid,  becaufe  a double  application  may  be  made 
of  it  on  feveral  occafions,  ferviceable  to  chymifts,  phyficians,  apotheca- 
ries, and  others. 

The  feveral  And  firft,  a piece  of  clear  amber,  or  fome  fuch  convenient  body,  that 

ufei  thereof,  is  not  too  little,  nor,  in  fpecie , too  heavy,  may  ferve  the  chymift,  apothe- 

cary, &V.  to  make  probable  guefles  at  the  degree  of  fpirituofity,  or  tenu- 
ity, to  be  found  in  many  liquors  belonging  to  the  vegetable,  or  animal 
kingdom,  and  this  with  far  lefs  error  than  by  thofe  figns  whereon  the 
common  conjectures  are  grounded.  For  a ftandard  liquor  being  provi- 
ded, ’twill  be  eafy,  by  obferving  the  different  weights  of  amber  in  feveral 
fluids,  to  judge  of  the  finenefs  ot  any  of  them  in  its  kind ; for,  c a teris  pari- 
bus, that  is  the  thinned,  or  abounds  molt  in  fpirituous  parts,  where  the  fo- 
lid weighs  more  than  in  another  •,  as  for  inltance,  the  amber  we  em- 
ploy’d, that  in  water  weigh’d  6 \ grains,  weigh’d  in  common  red  French 
wine  8 \ grains  ; in  common  brandy,  of  a pretty  good  fort,  17  J grains  ; 
and  in  fpirit  of  wine,  highly  reCtify’d,  34 i grains.  The  fame  way  may 

be  employ’d  to  judge  of  the  ftrcngth  of  fpirit  of  vinegar,  &c.  But  here 

it  muft  pafs  for  a general  rule,  that,  probably,  as  in  liquors  the  folid 
weighs  more  or  lefs,  according  as  the  liquor  ’tis  weigh’d  in  is  more  or 
lefs  fpirituous ; fo,  on  the  contrary,  in  acid  fpirits  and  liquors,  the  lefs  the 
folid  weighs,  the  ftronger  the  fluid  muft  be  reputed,  that  greater  decreafe 
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of  weight  proceeding  ufualJy  from  the  greater  proportion  it  contains  of  Statics. 
fixed  falts.  L/TV; 

’Tis  another  advantage  of  this  method,  that  as  the  common  way  of 
trying  the  goodnefs  of  fpirit  of  wine,  brandy,  &c.  by  fetting  fire  to  a 
fpoonful  of  them,  to  fee  how  much  is  inflammable,  and  what  portion  of 
phlegm  will  be  left  behind  ; whereby,  in  tradt  of  time,  a confide!  able  lofs 
is  fuitain’d : the  proper  proof  may  be  made  in  our  way,  without  any  fuch 
expence. 

By  thefe  obfervations,  alfo,  eftimates  may  be  made  of  undiftill’d  liquors 
of  the  fame  kind  ; as  feveral  forts  of  beer,  ale,  cyder,  and  the  fame 
folid  may  be  employ’d  to  compare  liquors  of  different  kinds  with  each 
other. 

But  if  the  liquors  to  be  examin’d  are  very  ponderous,  amber  will  not  be 
a proper  folid  in  this  cafe:  for  I have  found  by  trial,  not  only  that  it 
fwims  or  floats  in  feveral  fluids  made  by  lolution  of  falts,  whether  in  the 
moift  air,  or  with  water;  fuch  as  oil  of  tartar  per  deliquium , a folution  of 
the  fait  of  pot  a flies,  but  that  fome  diftil  I’d  liquors  would  not  fuffer 

it  to  fink  to  the  bottom  of  them  ; as  I found  in  oil  of  vitriol,  fpirit  of  ni- 
tre, and  even  good  fpirit  of  fait. 

There  is  ftill  another  ufe  to  be  made  of  our  hydroftatical  folid,  which 
may  frequently  be  as  confiderable  in  general,  by  aflifting  in  proportioning 
the  ftrength  of  menftrua,  as  the  former  is  to  difcover  the  ftrength  of  par- 
ticular liquors  already  prepared.  For  there  are  many  experiments  that  do 
not  fucceed  fo  well,  unlefs  the  liquor  be  of  a determinate  degree  of  ftrength. 

Thus  I have  found,  that  if  Aqua  fortis , whofe  ftrength  is  reckoned  the 
beft  quality  it  can  have,  were  redtify’d  too  high,  it  would  not  diflfolve  fil- 
ver,  but  require  to  be  weaken’d  by  an  addition  of  water ; and  that  it  would 
not  near  fo  well  diflolve  the  rafpings  of  crude  lead,  when  only  moderately 
ftrong,  and  fit  to  diflolve  filver,  as  when  confiderably  diluted  with  water. 

And  in  making  extracts  from  many  vegetable  fubftances,  chymifts  them- 
felves  may  fall  into  a miftake,  by  affedting  to  employ  their  moft  redtified 
fpirit  of  wine,  as  the  beft  menftruum  for  their  purpofe  ; for  the  medicinal 
virtue  of  many  fuch  bodies  does  not  wholly  refide  in  what  they  call  their 
fulphur,  or  rofin,  which  indeed  is  beft  diflfolv’d  by  highly  redtify’d  fpirit 
of  wine  ; but  in  a more  gummy,  and,  perhaps,  mucilaginous  fubftance, 
for  whofe  extradtion  a moderately  low  fpirit  is  more  proper.  Thus  we  fee 
that  gum-arabic,  gum-tragacanth,  &V.  are  indifpofed  to  diflolve  with  the 
beft  redtify’d  fpirit  of  wine,  but  readily  mix  with  more  aqueous  liquors. 

And  fome  bodies,  tho’  diflfoluble  in  both  kinds  of  menftrua,  yet  open  lefs 
eafily  to  ftrong  fpirit  of  wine,  than  waterifti  fluids ; as  may  be  obferv’d 
particularly  in  myrrh. 

And  thus  much  may  ferve  to  fhew  how  ufeful  it  v/ill  be,  on  feveral  o c- 
cafions,  to  regard  the  degree  of  ftrength  of  the  menftruum,  or  liquor,  em- 
ploy’d in  any  curious  experiment;  fo  that  when  it  fhould  be  repeated  to 
the  fame  purpofe  only,  we  may  be  able  to  bring  the  fluid  we  make  ufe  of 
to  the  fame  degree  of  ftrength  with  that  before  employ’d,  which  produced 
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Statics,  the  defigned  effed.  But,  in  very  accurate  experiments,  *tis  proper  to  ob- 
l/y\;  lerve,  that  if  the  liquor  be  very  ponderous  in  fpecie , as  oil  of  vitriol,  or  oil 
of  tartar  per  dcliquium , fomething  ought  to  be  placed  in  the  fcale*  from 
which  the  folid  hangs,  to  compenfate  for  the  increas’d  part  of  the  hair, 
which  muft  be  confider’d  as  a fomewhat  lighter  body  than  the  fluid,  and 
therefore  capable  of  buoying  up  the  folid. 

Still  other  me - Befldes  the  method  juft  mention’d,  there  is  another,  which  we  have  of- 
thodsfor  the  ten  found  of  fervice,  in  comparing  the  weight  of  different  liquors  of  the 
jme purpoje.  fame  magnitude.  This  is  done  by  fucceffively  filling  a vial,  furnifh’d  with 
a long  flender  cylindrical  ftem,  to  a certain  (landing  mark,  made  near  the 
top,  with  the  feveral  liquors,  to  be,  by  weight,  compared  together.  But 
this  not  beir  g hydroftatical,  I (hall  no  longer  infill  upon  it  here.  To  pro- 
ceed, therefore,  there  is,  likewile,  another  way  to  difeover  whether  two 
or  more  liquors  propofed  differ  in  fpecific  gravity  *,  and  to  make  fome  efti- 
mate  of  their  difference:  viz.  by  a hollow  cylinder  of  brafs,  or  other  me- 
tal, made  fomewhat  heavy  at  the  bottom,  that  it  may  fwim  upright*,  which 
will  fink  more  or  lefs,  in  feveral  liquors,  as  they  are  lighter  or  heavier 
than  one  another.  But  Merjennus , who  propofes  this  way,  confeffes  it  to 
be  very  difficult  to  make  fure  obfervations  thereby  \ to  which  I add,  that 
die  metal  may  be  corroded,  or  otherwife  affeded  by  urinous  menftrua. 

What  Merfennus  faid  of  this  inftrument,  is  applicable  to  a different  one, 
made  of  two  glafs  bubbles,  and  a very  flender  ftem,  which  is  hermetically 
fealed,  with  a ballaft  of  quickfilver  in  the  loweft,  to  keep  it  fteady,  when 
partially  immers’d  in  liquors,  where,  like  the  metalline  cylinder,  it  finks 
deeper  in  the  lighter  than  in  the  heavier,  according  to  their  differences  in 
gravity.  But  tho’  I have  often  employ’d  this  inftrument,  and  found  it 
ferviceable,  when  I made  ufe  of  feveral  of  different  fizes,  according  to  the 
various  liquors  I was  to  examine  ; yet  it  is,  in  many  cafes,  inferior  to  the 
balance. 

Merfennus  alfo  propofes  another  hydroftatical  manner  of  weighing  li- 
quors in  water,  thus.  T ake  a glafs  vial,  to  which,  being  firfl  weigh’d  in  air, 
and  then  in  water,  you  are  exadly  to  fit  a ftopple  of  wax,  or  cork  ; this 
done,  fill  the  vial  with  the  liquor  you  would  examine,  fo  that  no  air  be  left 
between  that  and  the  ftopple : the  veffel,  thus  fill’d,  is  to  be  weigh’d  in 
water,  and  fubftrading  from  its  weight  there,  that  of  the  glafs  in  water, 
and  alfo  that  of  the  ftopple,  the  remainder  will  give  the  weight  of  the  liquor 
in  water.  This  may  perhaps  be  ferviceable,  on  fome  occafions,  yeti 
fear  it  is  troublefome  in  pradice  •,  for  ordinary  vials,  capable  of  con- 
taining a competent  quantity  of  liquor,  are  ufually  too  heavy  to  be  applied 
to  tender  balances  ; and  common  floppies  will  be  fubjed  to  various  incon- 
veniences : for  which  reafon,  I prefer  to  it  a method  1 formerly  thought  of, 
and  which  I have  fometimes  put  in  pradice,  by  chufing  a fmall  round 
vial,  and  inftead  of  ordinary  floppies,  fitting  it  with  one  of  glafs,  carefully 
ground  to  the  neck  of  it:  for,  by  this  means,  the  inconveniencies  of  a 
itopple,  lighter  than  water,  were  avoided  ; nor  would  that  alter  its  fpecific 
gravity,  either  by  abforbing,  or  evaporating  ; nor  would  it  be  penetrated 
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by  the  mod  fubtle,  or  corroded  by  the  mod  fretting  fpirits:  to  which  may  Statics. 
be  added,  (becaufe,  in  fome  cafes,  it  is  confiderable)  that  a glafs  (topple  L/VV 
will  not  communicate  any  tincture,  or  extraneous  quality  to  the  liquor  ; 
which  cannot  be  faid  of  cork,  or  wax,  in  regard  of  fome  fubtile,  and  very 
corrofive  liquors.  This  vial,  then,  together  with  its  (topple,  being  carefully 
weigh’d,  firft  in  air,  and  then  in  water,  to  fettle  the  gravity  of  the  whole 
inftrument;  we  fill’d  it  exactly  with  the  liquor  to  be  examin’d,  and  pro- 
ceeded as  if  we  were  to  weigh  quick-filver,  in  the  manner  already  de- 
fer ibed  : the  weight  of  the  given  liquor  in  water  being  thus  obtain’d,  its 
proportion,  to  an  equal  bulk  thereof,  may  beeafily  difeover’d.  This  way 
of  examining  liquors  has  its  uf^;  and  I the  rather,  fometimes,  made  choice 
thereof,  becaufe  ’tis  applicable  to  all  kinds  of  fluids,  whether  heavier  in 
fpecie  than  water,  or  lighter. 

Laying  afide  the  (topple,  the  round  ball  may  ferve,  on  feveral  occafions, 
inflead  of  the  hydroftatical  bucket,  formerly  mentioned-,  for  the  weighing 
of  quick-filver,  and  heavy  powders ; efpecially  coarfe  ones.  But,  if  the 
inftrument  be  fitly  ffiaped,  and  not  too  heavy,  a greater  conveniency  than 
this  attends  it:  for  when  you  have  liquor  enough  to  furround  the  bottle, 
it  may  be  commodioufly  fubftituted  for  the  hydroftatical  bubble,  with  quick- 
filver  i its  exadt  (topple  fupplying  the  place  of  an  hermetical  feal : and, 
befides,  ’tis  far  lefs  fubjedt  to  break  than  a bubble.  That  I made  mod 
ufe  of,  which  weigh’d  about  709  grains,  being  well  (topp’d,  with  only  air 
in  it,  would  fink  by  its  own  weight,  in  brandy,  wine,  water,  &c.  And, 
if  it  were  to  be  employ’d  in  liquors  much  more  ponderous  than  water,  as 
Aqua  fortis .,  oil  of  tartar  per  deliquium , &c.  ’twas  eafy  to  fit  it  for  them, 
alfo,  by  putting  into  it  a quantity  of  quick-filver,  of  a determinate  weight, 
before  it  be  (topp’d ; which  balaft,  when  the  operation  is  over,  maybe 
eafily  taken  out,  and  kept  a-part  for  the  like  ufes. 

But,  notwithftanding  all  this,  fince  glafles  of  a proper  fize,  fhape,  and 
weight,  fit  for  tender  balances,  and  furni(h*d  with  exadt  glafs  (topples, 
are  very  difficult  to  procure  ; and  fince  the  way  itfelf  is  fubjedt  to  fome 
inconveniencies,  itfeems,  in  general,  that  this  way  of  finding  the  weight 
of  Jiquors  in  water,  is  inferior  to  the  more  Ample  ones,  before  recom- 
mended. 

Having  now  laid  down  the  method  of  weighing  one  liquor  in  another,  Tbeufeandad- 
’tis  fit  we  fubjoin  fome  application  of  it.  vantages  of 

Among  other  advantages  of  hydroftatics,  to  a fagacious  phyfician,  *tisj^  In  °aL- 
none  of  the  leaft,  that  it  gives  him  the  fpecific  gravities  of  various  liquors ; ther. 
which  may  not  only  help  to  diftinguiffi  the  genuine  and  good,  from  the 
adulterate  and  decay’d,  but  ferve  to  other  purpofes  alfo.  Inftances  here- 
of are  afforded  by  the  juices  of  herbs,  and  fruits;  a determinate  quan- 
tity of  which,  being  firft  weigh’d  in  the  hydroftatical  bucket  *,  and  fome 
oil  of  turpentine  poured  on  it,  we  fink  it  warily  in  the  fame  liquor,  whofe 
fpecific  gravity  to  refined  filver,  or  clear  rock  cryftal,  is  before-hand  care- 
fully regiftred  : for  thus  fubftituting  this  oil  for  common  water,  we  may 
difeover  the  fpecific  gravity  of  liquors  that  would  mix  with  water.  And, 
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Statics,  by  this  means,  we  may  find,  not  only  the  difference  in  weight,  between 
t^/W  the  juices  of  plants  of  differing  kinds,  but,  on  fome  occafions,  obferve  how 
far  the  keeping  of  a juice,  for  fome  time,  or  the  fermentation,  or  putrefadtion 
thereof,  will  alter  its  fpecific  gravity.  Other  liquids,  alfo,  that  are  ufed 
in  phyfic,  but  not  ponderable  in  water,  may,  by  this  way,  be  examin’d  ; 
as  honey,  vinegar,  verjuice,  E#r.  And,  by  the  fame  method,  likewife,  the 
fpecific  gravity  of  the  juices  of  fruits,  may  be  difcover’d,  and  compar’d  to- 
gether. And  hence  a perfon  of  curiofity  will,  probably,  be  enabled  to 
take  notice  of  the  differences  produced  in  their  fpecific  gravities,  thro*  their 
feveral  fucceffive  ftates,  at  different  times.  Thus  the  juice  of  ripe  grapes 
alters  when  newly  prefs’d *,  again,  when  it  begins  to  ferment ; when  it  be- 
comes new  wine  *,  when  it  has  attained  its  fall  maturity,  and  perfection  ; 
and,  laftly,  when  it  degenerates  into  prick’d  wine,  and  abfolutely  changes 
into  vinegar,  or  Vappa . 

All  waters  It  may  be  here  proper  to  obviate  an  objection,  that  will,  probably,  be 
nearly  of  the  made  againft  the  method  hitherto  deliver’d,  of  finding  a proportion  in 
fame  weight.  wejght5  betwixt  a finking  body  and  water  of  the  fame  bulk.  Naturalifts 
might  alledge,  that,  by  this  method,  we  cannot  difcover  the  proportion 
between  a folid  body,  and  water  in  general  •,  but  only  betwixt  the  propo- 
fed  body,  and  the  particular  water  ’tis  weigh’d  in  ; becaufe  there  may  be 
a great  difparity  between  liquors  that  are  call’d  common  water.  Thus 
fome  travellers  tell  us,  that  the  water  of  the  river  Ganges  is,  by  a fifth 
part,  lighter  than  ours. 

To  this  plaufible  obje&ion,  I anfwer,  firft,  that  having  had  opportu- 
nity to  examine  the  weight  of  various  waters,  fome  of  them  taken  up  in 
places  very  diftant  from  one  another,  I found  the  difference  between  their 
fpecific  gravities  to  be  exceeding  fmall ; perhaps,  not  above  the  thoufandth 
part  of  the  weight  of  either:  nor  did  I find  any  confiderable  difference, 
between  the  weight  of  feveral  waters  of  differing  kinds  *,  as  between  fpring- 
water,  river- water,  rain-water,  and  fnow-water : tho’ this  laft  was  fome- 
what  lighter  than  any  of  the  reft.  And  having  received  water  from  the 
river  Ganges  itfelf,  I found  it  very  little,  if  at  all,  lighter  than  fome  of 
our  common  waters. 

And  fecondly,  ’tis  not  neceftary  that  the  proportion  obtainable  by  our 
method,  fhould  be  mathematically  exacft : for  in  experiments  where  we 
are  to  deal  with  grofs  matter,  and  employ  material  inftruments,  a phy- 
lical  accuracy  will  fuffice. 

<f0  difcover  the  There  is  an  ufe  of  hydroftatics,  which  tho*  it  do  not  direcftly  tend  to  the 
■magnitudes  of  examination  of  the  Materia  medic  a,  may  yet  be  ferviceable,  both  to  the 
bodies,  hydro - phyfician  and  the  naturalift,  in  delivering  defcriptions  thereof ; and  thereby 
Jlatically . indirectly  conduce  to  the  knowledge  of  drugs*,  and  help  to  diftinguifh  be- 

tween genuine  and  adulterate  fimples.  ’Tis  known,  that  the  writers  upon 
the  Materia  medica , ufually  fet  down  the  magnitude  of  the  bodies  they  de- 
feribe,  by  very  uncertain  gueffes  *,  and  thofe  who  affign  them  determinate 
meafures,  either  do  it  by  faying,  fuch  a fruit,  for  example,  is  an  inch,  or 
two  inches  long,  and  half  an  inch,  or  a whole  one,  broad : but,  accor- 
ding 
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ding  to  this  way  of  defcribing  bodies,  there  may,  by  reafon  of  the  great  Statics. 
variety  of  figures  they  are  capable  of,  be  a very  great  difference  in  the  ^./TV 
bulk  of  bodies,  to  each  of  which,  the  fame  length  and  breadth  are  ap- 
plicable. 

I caufed  feveral  cubes  to  be  carefully  made,  by  skilful  artificers,  of  dif- 
ferent fizes,  and  materials,  whofe  fides  were  each  of  them  an  exadt  inch, 
or  a precife  number  of  inches.  Thefe  cubes  being  carefully  weigh’d  in 
exadt  balances,  firft  in  air,  and  then  in  common  water,  we  concluded, 
from  the  refult  of  our  feveral  trials,  that,  without  confiderable  error,  a 
cubical  inch  of  water  might  be  fuppofed  to  weigh  256  grains. 

Suppofe  then  for  example,  that  a folid  heavier  in  fpecie  than  water, 
having  been  weigh’d  firft  in  the  air,  be  found  in  water  to  lofe  256  grains 
of  its  weight ; the  dimenfions  of  this  folid,  if  it  were  of  a cubical 
fhape,  will  equal  a cubic  inch  ; fo  that  if  the  given  body  be  fuppos’d  a 
metal  eafily  fufible,  as  tin,  or  lead,  melted  and  pour’d  into  a hollow, 
metalline,  cubic  inch,  and  fuffer’d  to  cool,  it  would  exa&ly  fill  it.  For  a 
finking  folid  weighs  lefs  in  water  than  in  air,  by  the  weight  of  an  equal 
bulk  of  water.  And,  as  a cubical  inch  of  water  weighs  256  grains,  it  fol- 
lows, that  when  the  decreafe  of  a body’s  weight  in  water  is  256  grains, 
the  folid  content  of  that  body  is  a cubical  inch  ; fince  a body  of  water, 
weighing  256  grains,  is  equal  in  magnitude,  as  well  to  the  folid,  as  to  a 
cubic  inch  of  water. 

And  here  it  may  prevent  a fcruple,  to  obferve,  that  to  make  bodies 
equal  in  magnitude,  it  is  not  neceffary  that  they  fhould  be  of  the  fame 
weight  or  matter ; as  is  evident  in  bullets  of  copper,  tin,  and  gold,  caft 
in  the  fame  mould.  For  tho’  they  be  all  equal  in  bulk,  yet  the  bullet  of 
copper  will  be  much  heavier  than  that  of  tin ; and  the  bullet  of  pure 
gold,  more  than  twice  as  heavy  as  that  of  copper.  Whenfoever,  there- 
fore, a folid,  ponderous  enough  to  fink  in  water,  lofes  therein  256  grains 
of  the  weight  it  had  in  air ; the  magnitude,  or  bulk  of  that  body,  is  equal 
to  a cubical  inch  ; of  whatever  matter  it  confifts,  or  of  what  fhape  foever 
it  be.  And,  in  cafe  the  folid  propofed,  lofes  of  its  weight  in  the  water, 
lefs  than  256  grains;  its  bulk  will  be  proportionably  lefs  than  a cubical 
inch.  Thus  every  32  grains  that  the  folid  lofes  of  its  weight  in  the  wa- 
ter, anfwers  to  an  eighth  of  an  inch  in  the  bulk  of  the  body  ; fo  that  if 
the  decreafe  be  128  grains,  the  folid  will  be  half  a cubic  inch;  and  if 
but  64  grains,  a quarter  of  a cubic  inch : on  the  other  fide,  if  the  decreafe  of 
the  given  body,  exceed  the  ftandard,  256  grains,  twice,  thrice,  &c.  the  body 
will  be  equal  to  two,  three,  &V.  cubical  inches. 

’Tis  eafy,  from  the  dodtrine  deliver’d,  to  difcover,  hydroftatically,  th  tTo  gain  the  fo- 
folid  contents  of  a body,  heavier  in  fpecie  than  water:  but  to  meafure,  by  Mipofafody, 
the  help  of  v/ater,  the  folidity  of  a body  lighter  in  fpecie  than  that  fluid,  f 7^ lighter 
is  a work  of  more  difficulty.  In  order  to  it,  we  may  confider  there  are  than  water, 
two  forts  of  bodies,  which  will  not,  naturally,  fink  in  water;  fome,  being 
of  a clofer  texture,  refilling  it ; and  others  abounding  with  pores,  which 
difpofe  them  to  imbibe  the  water. 
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Statics.  Now  the  weight  of  a body  of  the  firft  kind,  may  be  gather’d  from  that 

'v/VV  of  the  water  equal  in  magnitude  to  the  immerfed  part  of  the  body,  when 
it  floats  freely  thereon.  Thus,  if  a parallelopipid,  or  a cylinder  of  wood 
twelve  inches  long,  placed  upon  water,  fhould  reft  there  when  a twelfth- 
part  of  it  lies  beneath  the  furface  of  the  fluid  ; the  weight  of  the  water, 
equal  in  bulk  to  thsft  immerfed  twelfth  part,  would  be  equal  in  weight 
to  the  whole  body  of  the  wood.  But  becaufe  the  bodies,  whofe  bulk  phy- 
flcians  and  chymifts  may  have  occafton  to  examine,  will  very  feldom  hap- 
pen to  have  regular  figures ; ’tis  proper  to  add  another  method,  more  fui ta- 
ble to  the  prefent  defign.  To  meafure  then  the  folid  contents  of  bodies 
fpecifically  lighter  than  water,  but  irregularly  fhaped*  ; the  body  muft, 
firft,  be  weigh’d  in  air.  2.  A plate  of  lead,  capable  of  finking  this  body 
in  water,  and  of  fome  round  fum  in  weight,  fhould  be  provided.  3.  This 
plate  being  weigh’d  in  water,  and  its  weight  therein  fubftra&ed  from  its 
weight  in  air,  will  give  the  weight  of  as  much  water,  as  is  equal  in  bulk 
to  the  immerfed  lead  *,  or  the  fpecific  weight  of  the  lead  in  water.  4.  The 
plate  of  lead,  and  the  lighter  body,  muft  be  tied  together  with  horfe-hair, 
and  the  weight  of  the  aggregate  noted.  5.  This  aggregate  muft  be  weigh’d 
in  water,  and  its  weight  therein  fubftradted  from  that  it  had  in  air ; and 
the  difference  will  give  the  fpecific  weight  of  the  faid  aggregate  in  water. 
6.  From  this  difference  fubltradt  the  fpecific  weight  of  the  plate  in  water, 
and  the  remainder  will  give  the  weight  of  the  lighter  body  in  the  fame 
fluid.  Then,  laftly,  that  weight  of  the  light  body  in  water  being  divided 
by  256  grains,  will  give  its  folid  content. 

To  clear  and  confirm  this  method  by  an  example  •,  we  took  a conve- 
niently fliaped  piece  of  oak,  that  weigh’d  in  air  193  4 grains ; to  this  we 
tied,  with  an  horfe-hair,  a plate  of  lead,  weighing  juft  240  grains.  But 
before  we  tied  them  together,  the  lead  was  weigh’d  in  water,  where  it 
loft  of  its  former  weight  20  grains;  which,  being  deducted  out  of  the 
240  grains,  left  a difference  of  20  grains,  for  the  fpecific  weight  of  the 
lead  in  the  water.  Then  the  aggregate  of  the  wood  and  lead  was  weigh’d, 
firft  in  the  air,  and  found  to  be  433  4 grains,  and  next  in  water,  where 
it  amounted  but  to  162  grains ; which  being  fubftradbed  from  the  aggregate 
of  the  fame  bodies  in  air,  the  difference  was  2yLiigrains;  from  which, 
the  other  difference  of  20  grains  of  the  leaden-plate  in  water  being  de- 
duced, there  remain’d  251*  grains,  for  the  weight  of  a bulk  of  water 
equal  to  that  of  the  given  piece  of  wood.  Now,  if  this  number  of  grains 
had  amounted  to  256,  we  might  have  concluded  the  folidity  of  the  body 


* There  is  a very  eafy  method  of  ob- 
taining the  content,  or  cubic  meafure,  of 
any  folid,  tho’  ever  fo  irregularly  figured. 
For,  fince  fuch  a body,  immerfed  in  a 
fluid  wherin  it  will  not  diflolve,  caufes 
that  fluid  to  rife  in  direct  proportion  to 
the  bulk  immerfed ; if  the  fluid  be  con- 
tain’d in  a cylindrical  or  prifmatic  veflel, 


and  the  additional  height  given  it  by  the 
body  be  marked  on  the  veflel;  this  will 
enable  us  to  meafure  a part  of  the  whole 
cylinder  or  prifm,  equal  in  bulk  to  the 
irregular  body.  And  thus  may  the  folid 
content  of  flatues , carv’d  or  embofs’d. 
work,  dsV.  be  known. 


to 
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to-be  a cubic  inch  ; fince  256  grains  of  water,  which  we  formerly  found  Statics. 
equal  to  a cubic  inch  of  water,  was  alfo  now  found  equal  to  the  bulk  of  \y^TKJ 
the  given  piece  of  wood.  And  having  caufed  the  wood  I employ’d  to  be 
formed  into  a cubic  inch  ; the  difference  of  its  weight  in  water  from  256 
grains,  may,  probably,  be  imputed  to  fome  little  imperfedlion  in  the 
figure,  or  other  like  circumftance.  Firft,  then,  the  cube  of  oak  in  air, 
weigh’d  193  t grains.  2.  The  lead  in  air,  240  grains.  3.  The  lead  in 
water,  220  grains  *,  which,  fubftra&ed  from  its  weight  in  air,  leaves  for 
its  fpecific  weight  in  water,  20  grains.  4.  The  aggregate  of  the  two 
in  air,  433-?  grains.  5.  The  weight  of  both  together  in  water,  162 
grains  ; which,  fubftradted  from  the  fum  of  their  weight  in  air,  gives  the 
difference  of  the  two  feveral  aggregates,  271  t grains.  6.  The  difference 
between  the  weight  of  the  lead  in  air,  and  in  water,  20  grains;  which, 
fubftradted  from  the  difference  of  the  weights  of  the  aggregates  in  air,  and 
in  water,  gives  for  the  weight  of  the  propofed  cube  251  t grains. 

This  way  ofmeafuring  bodies  is  appropriated  to  fuch  of  them  as  will 
not  readily  diffolve  in  water.  But,  becaufe  there  are  many  other  folids, 
as  fait,  alum,  vitriol,  fugar,  &c.  whofe  magnitudes  it  may  often  be  proper 
to  know  and  compare  ; I fhall  add,  that  the  fame  method  is  applicable, 
alfo,  to  folids  diffoluble  in  water,  if,  inftead  of  that  fluid,  be  fubftituted 
oil  of  turpentine,  whofe  proportion  of  fpecific  gravity  to  water  is  other- 
wife  known.  T o difcover  this,  I employ’d  the  hollow  cubic  inch  of  brafs, 
made  ufe  of  to  find  the  weight  of  a cubic  inch  of  water  ; and  found,  that, 
when  carefully  filled,  it  contained  22 1 i grains  of  this  oil : by  which  num- 
ber, the  difference  of  the  weight  of  a folid  in  the  air,  and  in  that  oil,  being^ 
divided,  the  quotient  will  give  the  folid  contents  of  the  body  to  be  ex- 
amined. 

Let  us  now  confider  how  fuch  bodies  as,  by  their  porofity,  are  fubjedt 
to  imbibe  too  much  of  the  liquor,  while  the  experiment  is  in  hand. 

Merfennus* s expedient,  in  this  cafe,  is  to  cover  the  body  to  be  weigh’d  in 
water,  with  wax,  pitch,  or  fome  other  glue,  of  a known  fpecific  weight 
in  water.  But  I prefer  bees-wax  for  this  purpofe  ; and  proceed  with  it 
in  the  following  manner.  The  folid  which  is  lighter  than  water,  having 
been  firft  weigh’d  in  air,  over-lay  it  carefully  with  thin  bees-wax  ; then- 
take,  alfo,  in  the  air,  the  weight  of  the  wax  employ’d  ; and  fallen  to  the 
body  thus  coated,  a plate  of  lead  or  tin,  heavy  enough  to  fink  it ; and  ob- 
ferve  the  weight  of  the  aggregate  in  water.  This  done,  fubftradl  the 
weight  of  as  much  water  as-  is  equal  in  bulk  to  the  wax,  and  proceed  as  is 
before  taught. 

But  this  method  helps  us  only  to  the  weight  of  the  propofed  body  in 
water  ; to  difcover  its  folid  content,  we  muft  divide  the  weight  of  the  folid 
in  water,  by  256  grains. 

And,  by  the  way,  I have,  fometimes,  made  ufe  of  another  expedient  to 
hinder  fmall  folids,  whether  lighter  or  heavier  in  facie  than  water,  from 
imbibing  the  liquor  wherein  they  were  weigh’d  : for  having  firft  found  the 
weight  of  a cubic  inch  of  quick- filver ; we  placed  the  body  to  be  mea- 

fured. 
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fared,  in  a veffel,  whofe  folid  contents  were  known  before-hand  ; when, 
the  ipace  that  remain’d  unpoffeffed  by  the  firm  body  being  fill’d  with  quick- 
filver,  ’twas  eafy  to  know,  by  the  difference  in  weight  of  that  quick- 
filver,  from  the  weight  of  thequick-filver  requifite  to  fill  the  whole  veffel, 
how  much  thereof  was  equal  to  the  furrounded  body.  And,  by  this 
means,  and  the  knowledge  before  gain’d  of  the  weight  of  a cubical  inch  of 
mercury,  the  folid  content  of  the  body  propofed,  waseafily  obtain’d. 

Before  I, put  an  end  to  this  difcourfe,  ’tis  proper  to  fhew  what  credit 
may  be  given  to  the  eftimates  of  the  weights  and  proportions  of  bodies 
obtain’d  by  hydroftatical  trials  *,  becaufe  mathematicians,  either  not  know- 
ing, or  not  applying  our  obfervation  about  the  fpecific  gravity  of  rock- 
cryftal,  and  the  nature  of  oil  of  turpentine,  have  given  us  very  diffe- 
rent accounts  of  the  proportions  of  metals,  and  a very  few  other  familiar 
bodies,  which  are  all  they  feem’d  to  have  examin’d  by  this  method. 

And,  indeed,  I fhould  not  be  furprized  to  find,  that  the  experiments 
of  the  fame  perfon,  made  at  diflant  times,  and  under  different  circum- 
ffances,  difagreed  ; for  fome  difference  there  may  be  betwixt  the  waters  em- 
ploy’d in  this  cafe  ; efpecially  if  the  air  be  at  one  time  intenfely  hot,  and  at 
another  exceeding  cold.  The  difference,  alfo,  of  degrees  in  goodnefs  of  the 
balances  ufed  in  nice  experiments,  is  not  altogether  inconfiderable.  But  a 
greater  hindrance  to  the  accuracy  of  hydroftatical  experiments,  is  the  diffi- 
culty of  finding  an  exaCt  uniformity  in  weights  of  the  fame  denomination, 
which  are  vulgarly  fuppofed  to  be  exactly  equal.  I have  myfclf  found  it  l'o 
difficult  in  practice  to  procure,  and  keep  weights  as  exaCt  as  I defired,  that  I 
have  left  off  the  hopes  of  it  j for  the  very  air  may,  in  time,  caufe  an  alte- 
ration in  them.  And  tho’  the  accurate  Gbetaldus's  tables  of  the  weight  of 
metals,  and  fome  other  bodies,  in  refpedt  to  one  another,  are  look’d  upon  as 
the  moft  authentic  that  have  been  publifh’d  ; and  are,  accordingly,  the  molt 
made  ufe  of  j yet  ’tis  certain,  the  weights  he  employ’d  are  not  divided  as 
ours  are.  For  tho’,  according  to  him,  as  well  as  with  us,  the  ounce  con- 
fifts  of  four  and  twenty  fcruples  ; yet  the  fcruple,  which  with  us  is  divided 
but  into  twenty  grains,  he  divides  into  twenty -four.  But  tho’  hydrolta- 
tical  experiments  are  not,  always,  either  fingly  accurate,  or  exactly  agree- 
able to  one  another  ; they  prove  accurate  enough  to  be  very  ufetul  in 
practice,  and  more  exaCt  than  any  other  method,  hitherto  employ’d,  of 
determining  the  proportions  of  bodies,  in  point  of  weight  ana  bulk,  and 
of  meafuring  their  folid  contents  ; but,  elpecially,  fuch  little  ones  as  are 
•neceffary  to  be  examined  in  the  Materia  medica.  And  this  is  a corollary 
from  the  whole  of  what  we  have  deliver’d. 

And,  indeed,  as  little  as  my  skill  is  in  hydroftatics,  I would  not  be 
debarr’d  from  the  ufe  of  it,  for  a very  valuable  confideration  ; for  it  has 
already  done  me  acceptable  fervice,  and  on  a vaft  variety  of  occafions  ; 
efpecially  in  the  examination  of  met  1 and  mineral  bodies,  and  of  fe- 
deral chymical  productions.  I have  often  been  able,  by  its  means,  to 
undeceive  artifts  in  their  perfuafion  of  poffeffing  Luna  jixa , and  other 
valuable  commodities  j and  to  make  a judgment,  as  to  the  genuineness 

or 
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or  falfity,  and  as  to  the  degrees  of  worth  or  ftrength  of  many  rich  and  Statics. 
poor  metalline  mixtures,  and  other  bodies,  both  folid  and  fluid;  whofe 
fair  appearances  might,  otherwife,  have  greatly  deceived  me. 

And  to  fhew  fome  curious  perfons  how  far  hydroftatics  might  be  fer- 
viceable  to  as  accurate  menfurations  as  need  be  expected  in  phyfical  expe- 
riments *,  I defired  a virtuofoto  mix  tin  and  lead  in  a certain  proportion, 
unknown  to  me  ; and  melt  them  into  one  mafs ; which  I carefully  weigh’d 
in  water,  and^ilfo  examined  it  algebraically  ; and  from  hence  aflign’d  the 
refpeCtive  quantities  of  each  ; which  agreed,  within  little  more  than  a grain, 
with  thofe  he  had  committed  to  paper,  before  he  mixed  them.  And  this 
fmall  difference,  probably,  proceeded  from  forne  fcarce  avoidable  in- 
accuracies in  melting  and  managing  the  given  bodies. 

To  conclude  ; ’tis  not  to  be  expedted,  that  the  fpecific  gravities  of  the 
bodies  mention’d  in  the  following  table,  (hall,  all  of  them,  be  found,  in  fu- 
ture trials,  precifely  the  fame  as  vve  there  exhibit  them.  For,  befides 
that  experiments  are  made  by  perfons  of  different  qualifications,  with  dif- 
ferent degrees  of  care,  and  with  different  inftruments ; * the  varieties  may 
proceed  Irom  a difference  in  the  texture  and  compadtnefs  that  may  be 
found  in  feveral  bodies  of  the  fame  kind.  For,  neither  nature,  nor  art, 
give  to  all  the  productions  of  the  fame  name,  a mathematical  precifenefs, 
either  in  gravity,  or  other  qualities. 

* Dr.  Jurin  recommends.it,  as  a necef- 
fary  caution,  to  all  thofe  who  (hall  attempt 
to  weigh  dry,  porous  folids  in  water,  for 
philofophical  purpofes,  that,  by  fome  pro- 
per means,  they  firft  extricate  the  air  out 
of  all  the  fmall  pores  and  cavities  of  them  ; 
whereby  the  water  may  have  free  liberty  to 
enter  thereat : otherwife  the  air  contain’d 
therein,  by  keeping  the  water  out,  will 
render  the  folid  lighter  in  water  than  it 
really  is.  The  bed  way  of  avoiding  this 
inconvenience,  the  Doctor  tells  us,  is  tofet 
the  veflel  of  water,  wherein  the  folid  is  im- 
merfed,  under  the  receiver  of  an  air-pump, 
and  ex  trad  the  air  out  of  the  body;  which 


will  fucceed  the  better,  if  the  water  be  firft 
heated  over  the  fire : or,  in  defed  of  an 
air-pump,  he  direds  us  to  let  the  folid,  if 
its  texture  will  fafely  permit,  continue  for 
fome  time  in  boiling-water,  over  the  fire. 
To  a negled  of  this  obfervation,  the  Do- 
dor  thinks,  among  other  things,  is  owing 
that  difference  found  in  the  accounts  of  the 
fpecific  gravity  of  the  Calculi  humani . And 
when  the  air  is  thus  extraded  out  of  wood, 
as  oak,  fir,  dfr.  and  the  roots,  ftalks,  leaves9 
and  feeds  of  vegetables,  they  prove  fpecifi- 
cally  heavier  than  water,  Philo/,  /ran/aft. 
N°.  369.  p.  223, 
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A T A B L E of  the  fpecific  Gravities  of  Bodies  com- 
pared with  Wi ater.  * 


A Gate 

A piece  of  alum-done  — — - 

Amber 

Antimony,  good,  and  fuppofed  Hun- 
garian — — . 

Bezoar  done 


A piece  of  the  fame  

A fine  oriental  one  

Another  — 

Calculus  humanus  ■ 

Another  ■ 

Calx  of  lead  -■  --  ■ 

Cinnabar,  native 


Cinnabar,  native,  and  very  fparkling 

Cinnabar  common  — 

Cinnabar  of  antimony  

Coco-fhell  . 

Copper-ore  - — . . — 

Copper-ore,  rich  — * . 

Copper-done  — 

Coral,  white  

Another  piece,  fine . 

Coral,  red  • 

Cornelian  ■ ■ - - 

Crabs  eyes,  native  - 

Crabs  eyes,  artificial  ■ - 

Crydal 


Gold-ore,  not  rich,  but  brought  from 

the  Eaft- Indies  ■ - — — 

Another  lump  of  the  fame  

Granat,  Bohemian  - — - . 

Granati  miner  a 

Ivory  — — 

Laps  Calaminaris  

— Hcematites , En 

• Judaicus 

— — Lazuli , one  piece 

— Manati  

A fragment  of  the  fame 


gliih 


Weigh'd 
in  Air . 
251 
280! 
306 

39i 

187 

564 

172 

237 

2570 

302 

1387 

1 97 
226 
802 
1 97 
33i 
14  36 
413 

336 

i39 

1294 

148 

77r 

90* 

256 

I IOO 

1151 

217 

l73* 

477 

1574 

261T 

385 

452 

2l8f 


In  Wa- 
ter. 

156 

1524 

12 

2 95 
61 
22 

60 

61 
1080 

97 

123 

171 
194 
* 702 
169 

85 

1090 

3«4 

49*' 

204 

85 

8o4 

103 

3« 

54 

140 

682 

7i7 

J4  7 

83 

380 

1156 
164 
2 36 

293 

12  3 


<3 


Proportion . 


2.64^ 

2.18 

1.4 

4-7 

1.48 
1.64 

i*53 

i-34 

1.72 

i-47 

8-94 

7-57 

7.6 

8.1 

7-3 

1- 34 
4*15 
4.17 
4.09 

2- 54 

2- 57 

2.62 

3- 29 
1.89 

2.48 
2.2 1 


yo  i 


2 .63 

2.61 

4.16 
3-i 
1. 1 1 

472 

3.16 
2.69 
2.78 
216 
2.22 


Another 
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Weigh'd 
in  Air . 


In  Wal- 
ter. 


■ Proportion v 


Another  ■ - 

Another  from  Jamaica  - 

Lead- ore  * --  

Another  piece  from  Cumberland , rich 

Manganefe,  apiece  — 

Marcafite  ■■ 


Another  from  Stalbridge  - 

Another  more  fhining  than  ordinary 
Mineral,  Cornijh^  like  a fhining  mar- 
cafite   * — 

Ore  of  filver,'  choice  from  Saxony 

Another  piece  

Ofteocolla  

Rhinoceroses  horn  — ■■  ■ 

Rock-cryftal  - ■ * 

Slat,  Irijh  — - 

Sulphur  vivum  — 

German , very  fine  - 

Talc,  a piece  like  Lapis  Amianthus 

f Venetian  ® — — * 

Talc< 

(of  Jamaica  • — — 

Tin-glafs  - 1 ■■■■■■  

Tin-ore,  New-Engli/h  - ■ - 

Tin-ore,  black,  rich  

Another  piece,  choice  — 1 — - 

Tutty,  a fingle  piece  — * 

Vitriol,  Englijh , a very  fine  piece 
Vitrum  Antimonii  — — — — 

Unicorn’s  horn,  a piece  


* Later  trials  have  furnilh’d  us  with 
the  following  table  of  the  fpecific  gravi- 
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'97  n 

2-33' 

201 1 

1127 

2.2  7 

686 

590 

7.I4 

1872 

1 58  6 1 

•54 

3 21 

230 

3-53 

814 

631 

4-  65 

243 

189 

4*5 

287 

227 

4.78 

145 

"T29 

9.6 

458 

366 

4.22 

1120 

960 

7 

195 

108 

2.24 

s5% 

4260 

1.99 

256 

140 

§ 

2.20 

779 

467 

r q 

2.49 

37 1 

185 

2 

306 

152 

1.98 

596 

334 

2.28 

082 

508 

2-73 

*857 

1238 

3 

468'  ‘ 

419 

9-55 

812 

613 

4.8 

I293 

984 

4.18 

2893 

2314 

5 

104 

s3 

5 

1093 

512 

1.88 

357* 

282! 

4.76 

407 

i95  _ 

I-9IJ 

ties  of  folids  and  fluids. 
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A T A B L E of  the  fpecific  Gravities  of  feveral  / olid 

and  fluid  Bodies. 


line  gold 


Standard-gold- 


Quick- filver 

Lead 

Fine  Silver  

Standard^  filver 
Vol.  II. 


19,640 

Bifmuth  - 

18,888 

Copper  — — 

14,000 

Call  brafs  - 

11,325 

Steel,  ) 

1 1,091 

the  fame  > 

10,535 

piece  j 

.9,70° 

-9,000 

-8,000 

■7.73s 

■7,704 

7,809 

Iron 
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Statics.  Iron  7,64 5 

^/W  Tin  7,320 

Glafs  of  antimony  —5,280 

A pfeudo- topaz 4,270 

A diamond  3,400 

Clear  cryftal  glafs — — 3,150 

Ifland  cryftal . 2,720 

Fine  marble 2,700 

Rock-cryftal 2,650 

Common  green  glafs 2,620 

Stone  of  a mean  gravity 2,500 

Sal  gemma  —2,143 

Brick 2,000 

Nitre, 1,900 

Alabafter  1,875 

Dry  ivory  ■ ■ — 1,825 

Brimftone  — 1,800 

Dantzick  vitriol  1 ,7 1 5 

Alum  1,714 

Borax — !,7i4 

Calculus  humanus  « — —1,700 

Oil  of  vitriol 1,700 

Oil  of  tartar—— 1,550 

Bezoar  * 1,5 00 

Honey 1,450 

Gum  arabic  * 1 >375 


Spirit  of  nitre  — — — 

Aqua  fortis  - ■ — 

Serum  of  human  blood— 

Pitch 

Spirit  of  fait 

Spirit  of  urine  

Human  blood  • — — - 

Amber  ■ — ■ 

Milk 

Urine  — 

Dry  box-wood  ■ — 

Sea- water 

Common- water— 

Camphire 

Beeswax 

L infeed  oil 

Dry  oak 

Oil  olive  - - 

Spirit  of  turpentine  

Rectified  fpirit  of  wine 

Dry  afh 

Dry  maple— 

Dry  elm 

Dry  fir  • 

Cork 

Air  


U315 

1,300 

1,190 

1,150 

1,130 

1,120 

1,040 

1,040 

1,030 

1,030 

1,030 

1,030 

1,000 

0,996 

°>955 

0,932 

0,925 

°i9IS 

0,874 

0,866 

o,Soo 

o,755 

0,60a 

0,550 

0,240 

0,001T 
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Hydroftatical  Difcourfe, 

By  way  of 

Anfwer  to  the  ObjeSiions  of  Dr.  MORE,  ctnd  others , 
againjl  form  Explanations  of  particular  Experi- 
ments : 

With  farther  Conf  derations  thereon. 


SECT.  r. 


Finding  no  caufe  to  alter  my  judgment,  as  to  the  folutiorts  I have  Mechanical 
given,  of  fome  of  my  experiments,  attack’d  by  Dr.  More\  \folutionsof 
here  defign  to  vindicate  them  from  his  objections. 

And,  firft,  the  Doctor  having  made  a defcription  of  my  pneu-~ 
matic  engine,  pretends,  that  the  afcent  of  the  fucker,  after  it  is  deprefs’d, 
and  clogg’d  with  a weight,  is  not  mechanically  accounted  for,  by  the  gra- 
vity and  preffu re  of  the  atmofphere ; becaufe,  fays  he,  “ if  this  folution 
<c  were  truly  mechanical,  he  muft  have  affign’d  the  true  mechanical  caufe 
“ of  the  gravity  of  all  the  parts,  and  of  the  whole  atmofphere.” 

To  this  I anfwer,  that  in  delivering  my  experiments  about  the  effects  of 
the  air,  1 did  not  intend  to  write  a whole  fyftem,  or  fo  much  as  the  ele- 
ments of  natural  philofophy  ; but  having  fufficiently  prov’d,  that  the  air  we 
live  in,  is  not  deftitute  of  weight,  and  has  an  elaftic  power ; I endea- 
vour’d, by  thofe  two  principles,  to  explain  the  phenomena  exhibited  in  our 
engine ; without  recourfe  to  a Fuga  vacui , an  Amina  mundi , or  any  fuch  un- 
philofophical  principle.  And  fince  fuch  kinds  of  explanations  have,  of  late, 
generally  been  call’d,  mechanical,  as  being  grounded  upon  the  laws  of 
mechanics,  I thought,  as  I permit,  fo  I might  be  allow’d,  the  ufe  of  that 
term  ; and  to  entitle  my  explanations,  mechanical,  in  the  ufual  fenfe  of 
that  exprefilon.  I am  not  obliged  to  treat  of  the  caufe  of  gravity  in  ge- 
neral, fince  many  proportions  of  Archimedes , Stevinus , and  others,  who  have 
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Statics,  written  of  ftatics,  areconfefs’d  to  be  mathematically,  or  mechanically  de- 
monftrated  ; tho’  thofe  authors  donotaffign  the  true  caufe  of  gravity,  but 
take  it  for  granted,  as  a thing  univerfally  acknowledg’d.  And,  if  in  each 
fcale,  of  an  ordinary  balance,  a pound  weight,  for  inftance,  be  put ; he 
who  lhallfay,  that  thefcales  hang  in  equilibrium,  becaufe  the  equal  weights 
balance  one  another  ; and,  in  cafe  an  ounce  be  added  to  one  of  thefcales, 
and  not  to  the  oppofite,  he  who  fliall  fay,  that  the  former  is  deprefs’d,  be- 
caufe urg’d  by  a greater  weight  than  the  other,  will  be  thought  to  have 
given  a mechanical  explanation  of  the  equilibrium  of  the  fcales,  and  their 
lofing  it ; tho’  he  cannot  give  a true  caufe  why  either  of  thofe  fcales  tends  to- 
wards thecenterof  theearth.  Since,  then,  toaflign  the  true caufeof  gravity, 
is  not  required,  even  in  ftatics,  tho’  one  of  the  principal,  and  mod  known 
parts  of  mechanics  •,  why  may  not  other  proportions,  and  accounts,  that 
fuppofe  gravity  in  the  air,  and  prove  it  too,  be  look’d  on  as  mecha- 
nical ? 

The  DoCtor,  however,  is  pleas’d  to  grant  me  almoft  as  much  as  I need  de- 
fire, as  to  the  truth  of  the  hypothefis  whereon  my  explanations  are  found- 
ed. The  principal  thing  which  I fuppofe,  in  my  hydroftatical  writings  is, 
that  in  water,  tho’  ftagnant,  the  upper  parts  actually  gravitate  upon  the 
lower  •,  or  prefs  upon  them,  even  when  they  do  not  fenfibly  deprefs  them. 
This  hypothefis,  the  DoCtor  allows,  agreeable  to  the  principles  of  the  me- 
chanical philofophy:  and,  accordingly,  having  fhew’d,  thatin  a fufpended 
tube  of  water,  the  whole  liquor  gravitates  upon  the  bottom  of  it;  and, 
confequently,  that  all  the  parts  thereof  do  fo,  the  upper  upon  the  lower, 
46  provided”  fays  he”  tc  there  be  no  immaterial  principle  in  nature.” 

Now,  I as  freely,  as  the  DoCtor  himfelf,  affertan  incorporeal  Being,  that 
made  and  governs  the  world.  All  that  I have  endeavour’d  at,  in  explain- 
ing what  happens  among  inanimate  bodies,  is  to  fhew,  that  fuppofing  the 
world  to  have  been  at  firft  made,  and  to  be  continually  preferv’d  by  God’s 
divine  power  and  wifdom  ; and  fuppofing  his  general  concourfe  to  the 
maintenance  of  the  laws  he  has  eftablifh’d  in  it ; the  phenomena  I confider, 
may  be  folv’d  mechanically  ; that  is,  by  the  mechanical  properties  of  mat- 
ter ; without  recourfe  to  nature’s  abhorrence  of  a vacuum,  to  fubftantial 
forms,  or  to  other  incorporeal  creatures.  And,  therefore,  if  1 have  fhewn, 
that  the  phenomena,  I attempted  to  folve,  are  explicable  by  the  motion, 
magnitude,  gravity,  fhape,  and  other  mechanical  affections  of  the  frnall 
parts  of  liquors ; I have  done  what  I pretended : which  was  not  to  prove, 
that  no  angel,  or  other  immaterial  creature,  could  interpofe  in  thele  cafes  ; 
for,  concerning  fuch  agents,  all  that  I need  fay,  is,  that,  in  the  cafes 
propofed,  we  want  not  their  affiftance  ; and,  therefore,  have  no  occafion 
to  fly  to  it,  in  folving  our  phenomena. 

That  the  upper  But  the  DoCtor, it  feems,  would  have  the  gravitation  of  the  elements,  in  their 

parts  of  fluids  proper  places,  fufpended  by  an  incorporeal  principle  ; and  hereto  he  is  led 
^the'iw/r  u^on  by  this  experiment,  which,  he  fays,  is  moft  manifeftly  repugnant  to  our 
hypothefis.  He  conceives,  then,  that  in  a bucket  of  water,  with  a per- 
fectly cylindrical  cavity,  whofe  diameter  is  of  62  parts,  there  is  forcibly 
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kept  at  the  bottom,  by  means  of  a flick,  around  piece  of  wood,  vvhofe  Statics. 
diameter  amounts  but  to  6 1 of  thofe  parts  \ and  that  as  foon  as  ever  the 
Hick  is  remov’d,  the  piece  of  wood  will  emerge  to  the  top,  and  float : 

“ which,”  fays  he  “ is  impoflible,  if  all  the  parts  of  the  water,  did  not 

only  jointly  prefs  the  bottom  of  the  veflel,  but  each  prefs’d  the  other  di- 
<c  redtly  downwards.” 

But,  firft,  fince  according  to  his  computation,  the  area  of  the  interval 
between  the  Tides  of  the  veflel,  and  the  edges  of  the  round  board,  is  123 
of  fuch  parts,  whereof  the  area  of  the  board  amounts  to  3721  *,  ’tis  evi- 
dent, that  there  mull  be  room  enough  for  the  water  to  pafs  between  the 
Tides  of  the  veflel,  and  the  edges  of  the  board  ; which  is  fuppofed,  on  all 
hands,  to  be  of  fome  wood  lighter  infpecie  than  water,  fince  elfe  it  would 
not  rife,  upon  with-drawing  the  flick. 

Secondly,  this  round  board  is  not  fuppos’d  to  be  made  exadly  fit  to 
the  bottom  of  the  veflel,  and,  confequently,  the  water  may  get  in  between 
them  j for  which  reafon,  ’tis  neceflary  to  keep  the  piece  of  wood  forcibly 
down  with  a^  flick  \ which  were  otherwife  needlefs  ; and,  confequently, 
this  interpos’d  water,  will  communicate  with  the  upper,  along  the  fldes. 
of  the  veflel  \ which  latter  may,  according  to  the  laws  of  hydroftatics,  by 
means  of  that  interpofed,  exercife  its  preflure  upwards,  againft  the  low- 
er furface  of  the  wooden  plate. 

Thirdly,  the  Dodtor  fuppolesan  imaginary  plane  of  water  to  be  parallel 
to  the  bottom  of  the  veflel,  and  to  pafs  along  the  bottom  of  the  board  ; fo 
that  of  the  water  that  lies  between  this  plane,  and  the  bottom  of  the  veflel, 
one  part  is  cover’d  by  the  piece  of  wood  ; and  the  other,  between  the 
edges  of  that,  and  the  Aides  of  the  bucket,  is  cover’d  with  the  incumbent 
water  only. 

Now,  ’tis  manifeft,  that  in  water,  thofe  parts  which  are  moft  prefs’d, 
will  thruft  out  of  their  place,  thofe  that  are  lefs  prefs’d.  ’Tis  alfo  evident, 
that  the  part  of  the  imaginary  plane,  cover’d  by  the  round  piece  of  wood, 
muft  be  prefs’d  by  a lefs  weight  than  the  other  part  of  the  fame  plane  j 
becaufe  the  wood  being,  bulk  for  bulk,  lighter  than  water,  the  aggregate 
of  the  wood  and  water,  incumbent  on  the  cover’d  part  of  the  fame  plane ; 
muft  be  lighter  infpecie , than  the  water  alone,  that  is  incumbent  on  the  un- 
cover d part  of  the  fame  plane  \ and,  confequently,  this  uncover’d  part  be- 
ing more  prefs’d  than  the  other  part  of  the  plane,  the  heavier  muft  difplace 
the  lighter  ; which  it  cannot  do,  but  by  thrufting  up  the  board  ; as  it  does 
when  the  external  force  that  kept  it  down,  is  removed.  And  this  great- 
er preflure  againft  the  bottom,  than  againft  the  top  of  bodies  immers’d 
in  water,  fpecifically  heavier  than  themfelves,  is  a true  reafon  of  their  e- 
merfion. 

1 is  true,  that  according  to  theDovftor’s  computation,  if  the  folid  cylin- 
der, confiding  of  the  wooden  plate,  and  all  the  water  diredtly  incumbent 
on  it,  were  put  into  an  ordinary  balance-,  it  would  there  greatly  out- 
weigh  themollow  cylinder  of  water  alone,  that  refts  upon  the  uncover’d 
part  of  the  imaginary  plane.  And  this  is  what  feems  to  have  deceiv’d  the 
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Statics.  Doctor.  But  there  are  many  hydroflatical  cafes,  wherein  the  phenomenon 

iyVV?  depends  not  fo  much  upon  the  abfolute  weight  of  the  compared  bodies,  as 
upon  their  refpe&ive  and  fpecific  gravity  •,  on  account  whereof,  a fmall 
pebble,  for  inflance,  that  weighs  not  a quarter  of  an  ounce,  will  readily 
fink  to  the  bottom  of  a river,  on  whofe  furface  a log  of  a hundred  pound 
weight  will  float.  ’Tis  a rule  in  hydroftatics,  that  when  two  portions  of 
water,  or  any  other  homogeneous  liquor,  prefs  againft  each  other  ; the 
prevalency  will  go,  not  according  to  the  abfolute  weight,  but  the  perpendi- 
cular height  of  thofe  portions.  And,  accordingly,  we  find,  that  if  a 
flender  pipe  of  glafs,  being  fill’d  with  water,  have  its  lower  orifice  un- 
flopp’d at  the  bottom  of  a vefiel  of  water,  which  contains  much  more  of 
that  liquor  than  the  pipe;  yet  if  the  water  in  the  tube  were,  for  inflance, 
two  feet  high,  and  that  in  the  vefiel  but  one;  the  water  in  the  pipe  will 
readily  fubfide,  till  it  comes  almofl  to  a level  with  the  external  water  ; 
tho’  it  cannot  do  fo,  without  raifing  the  whole  mafs  of  water  flagnant  in 
the  vefiel. 

Demonjlrated  We  took  an  open-mouth’d  glafs,  or  jar,  three  inches  and  a half  indiame- 
experiments.  ter,  and  fomewhat  lefs  in  depth,  its  cavity  being  cylindrical  ; into  this, 
having  put  fome  water  to  cover  the  protuberance  that  is  left  at  the  bottom 
of  fuch  glafies,  we  took  a convenient  quantity  of  bees-wax,  and  having 
juft  melted  it,  we  pour’d  it  cautioufly  into  the  glafs,  warm’d  before-hand 
to  prevent  its  cracking,  till  it  reach’d  to  a convenient  height.  This  vefiel, 
and  the  contain’d  liquors,  we  fet  afide  to  cool,  that  the  wax  might  fhrink 
from  the  glafs,  and,  confequently,  have  a little  interval  every  where  between 
the  concave  fuperficies  of  the  vefiel,  and  convex  of  the  hardned  wax ; when, 
carefully  pouring  fome  water  between  the  glafs  and  the  wax,  fo  that  it 
fill’d  all  the  interval  left  between  thofe  two  bodies,  both  at  the  bottom  and 
the  fides,  the  wax  was  made  prefently  to  float ; being  vifibly  rais’d  up 
from  the  bottom,  and  its  upper  part  appearing  a little  above  the  level  of  the 
water,  as  it  ought,  according  to  the  true  principles  of  hydroftatics.  For  wa- 
ter, being  fomewhat  heavier,  in  fpecie , than  wax,  and  that  which  was 
poured  into  the  bottom,  and  flagnated  there,  being  prefs’d  by  the  collateral 
water,  every  way  interpos’d  between  the  concave  part  of  the  glafs,  and  con- 
vex of  the  wax  ; (fo  that  this  collateral  liquor  anfwer’d  what  I call  a hollow 
cylinder  of  water,  in  the  Dodlor’s  experiment)  that  part  of  the  ftagnant  wa- 
ter which  was  prefs’d  upon  by  the  wax,  being  lefs  prefs’d  than  the  other  part 
of  the  fame  ftagnant  water  was  by  the  water  incumbent  on  it ; this  latter 
muft  difplace  the  former ; which  it  could  not  do,  but  by  raifing  up  the  wax 
that  relied  upon  it;  yet  this  collateral  water  was  fo  far  from  being  heavier 
than  the  wax  impell’d  up  by  its  preflure,  that  both  the  collateral  and  the 
ftagnant  water  together,  being  weigh’d,  amounted  to  little  above  a fourth  of 
the  weight  of  the  wax ; which  happen’d  by  reafon  of  the  narrownefs  of  the 
vefiel : but  if  it  had  been  wider,  the  experiment,  I doubt  not,  would  have 
fucceeded,  tho’  the  wax  had  out  weigh’d  the  collateral  water  ten  times 
more  than  in  our  experiment  it  did.  But,  that  the  folid  body  exceeded  al- 
moft  four  times  the  weight,  not  only  of  the  collateral,  but  the  ftagnant  li- 
quor 
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quor  too,  fufficiently  overthrows  the  Do&or’s  reafoning  ; the  fallacy  Statics- 
whereof  will  further  appear  from  hence,  that  tho*  we  gradually  pour’d  in  L/W 
water,  as  Jong  as  the  veffel  would  contain  any  *,  the  cylinder  of  wax  was, 
indeed,  lifted  higher  and  higher  from  the  bottom  of  the  glafs,  but  did  not 
appear  rais’d  more  than  at  the  firft,  above  the  upper  furface  of  the  water  v 
which  argues,  that  it  was  not  at  all  the  quantity  of  the  lower  water  that 
continually  increafed  ; but  the  preffure  of  the  collateral  water,  which  con- 
tinued ftill  at  the  fame  height,  with  refpedt  to  the  wax,  that  caus’d  the 
elevation  of  the  body. 

And,  to  manifeft  yet  more  clearly  the  Dolor’s  miftake,  I devifed  the 
following  experiment-  We  took  a round  plate  of  lead,  about  the  thick- 
nefs  of  a Shilling ; and  having  (tuck  it  fall  to  the  bottom  of  the  cylinder  of 
wax,  we  fucceflively  placed  upon  the  upper  part  of  the  wax,  feveral 
grain-weights,  till  the  wax  fubfided  to  the  bottom  : by  this  means,  the 
glafs  being,  at  firft,  almoft  fill’d  with  water,  there  fwam  about  an  inch 
of  that  liquor  above  the  upper  furface  of  the  wax.  And,  laftly,  we  took 
off,  by  degrees,  the  grain' weights  that  we  had  added,  till  we  faw  the  wax, 
notwithftanding  the  adhering  lead,  rife,  by  degrees,  to  the  top  of  the 
water  ; above  which,  fome  part  of  it  was  vifibly  extant. 

From  this  experiment  I argue,  that,  according  to  the  Dodtor’s  fuppo- 
fition,  here  was  incumbent  on  the  wax,  a cylinder  of  an  inch  in  height,  and 
of  the  fame  diameter,  or  breadth,  with  the  round  furface  of  the  wax; 
but,  upon  the  removing  part  of  the  water  that  lay  at  the  bottom,  when 
the  wax  began  to  rife,  there  was  incumbent  no  greater  a weight  than  that  of 
the  collateral  water  ; and  as  much  of  the  upper  and  ftagnant,  as  was  di- 
rectly incumbent  upon  that  collateral  water.  But  now,  according  to  the 
Dodtor’s  reafoning,  this  cylinder  of  water  incumbent  on  the  wax,  being  an 
inch  deep,  and  above  three  inches  broad,  it  mud  prefs  the  wax  with  a far 
greater  weight  than  that  which  the  lateral,  and  hollow  cylinder  of  this 
ftagnant  water,  could  exert  upon  the  reft  of  the  collateral  water  ; yet  the 
height  of  this  aggregate  of  collateral  water,  being  the  fame  with  that  of 
the  wax,  and  the  water  fwimming  upon  it ; the  difference  of  the  preffure 
wasfofmall,  that,  barely  taking  off  a weight  of  four  or  five  grains,  the 
wax  would,  notwithftanding  the  preffure  of  the  water  incumbent  on  it,  be 
imped’d  up,  and  made  to  float ; and,  by  the  like  weight  put  on  again, 
it  would  be  made  to  fink  ; and,  by  another  removal  of  fuch  a weight,  it 
would,  tho’  flowly,  re-afcend.  And  this  phenomenon  depends  fo  much 
upon  a mechanical  balance  of  preffure,  that  even  four  grains  would  not 
have  been  neceffary  to  make  the  wax  rife  or  fink,  were  it  not  for  fome 
little  accidental  impediments,  that  are  eafily  met  with  in  fuch  narrow 
glaffes ; for,  otherwife,  in  a larger  veffel,  we  have  made  the  fame  lump  of 
wax  readily  fink,  or  float,  by  putting  on,  or  taking  off,  a Angle  grain, 
or  lefs. 

Hence  it  appears,  that,  for  the  regulation  of  hydroftatical  phenomena, 
nature  has  her  balance  too,  as  well  as  art ; and  that,  in  the  balance  of 
nature,  the  ftatical  laws  are  nicely  obferv’d. 

t And, 
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Statics.  And  ftill  further  to  demonftrate,  that  in  itagnant  water,  the  upper 
\ parts  gravitate  upon  the  lower  j we  took  a very  (lender  pipe  of  glafs, 
whofe  cavity  was  narrower  than  that  of  an  ordinary  goofe-quill,  that  he- 
terogeneous liquors  might  not  be  able  to  get  by  one  another  in  it.  This 
pipe,  near  one  end,  was  bent  upwards,  like  a fyphon,  that  it  might  have 
a fhortleg  parallel  to  the  longer  •,  into  this  crooked  pipe  we  put  a little 
oil,  and  then  held  it  perpendicularly  in  a deep,  wide-mouth’d  glafs,  fill’d 
with  water,  and  a lump  of  wax,  of  the  bignefs  and  (hape  of  that  before- 
mention’d  ; fo  that  the  preflfure  of  the  incumbent  water  upon  the  open  ori- 
fice of  the  (horter  leg,  might  impel  the  oil  into  the  longer,  above  the  fur- 
face  of  the  water  in  the  vefifel.  The  pipe  being  thus  held  upright,  ’twas 
eafy  to  take  notice,  by  a mark  fixed  on  the  outfide,  to  what  height  the  oil 
reach’d  in  it. 

Now,  if  we  conceive  a horizontal  plain,  parallel  to  the  bottom  of  the 
vefifel,  to  pafs  by  the  bafis  of  the  floating  wax  ; ’tis  evident,  that,  of  this 
imaginary  plane,  the  part  on  which  the  wax  refis,  is  as  ftrongly  prefs’d  by 
the  weight  of  the  wax,  as  the  lateral  part  of  the  fame  plane  is  by  the 
weight  of  thewater  incumbent  on  it  i and,  conlequently,  that  part  of  this 
plane,  which  is  placed  directly  over  the  orifice  of  the  (horter  leg  of  the 
pipe,  is  no  more  prefs’d,  than  any  equal  portion  of  that  part  of  the  fame 
plane  cover’d  by  the  wax.  This  body,  being  taken  out  of  the  water,  the 
liquor  fubfided  a great  way  in  the  vefifel  ; and  fo  did,  proportionably, 
the  oil  in  the  longer  leg  of  the  pipe.  And  lafily,  having  weigh’d  out  as 
much  water  as  we  found  the  wax  to  amount  to : this  liquor  was,  inftead  of 
the  wax,  pour’d  into  that  which  remain’d  in  the  glafs  : whereupon,  the  oil 
in  the  longer  leg  of  the  pipe,  was  again  impell’d  up  to  the  former  mark, 
to  which  the  wax  had  rais’d  it.  Whence  we  may  gather,  that  the  water 
newly  put  in,  tho’,  in  the  air,  it  weigh’d  no  more  than  the  wax  did,  yet 
prefs’d  the  water  that  lay  beneath  the  (ore-faid  imaginary  plane  ; and,  con- 
sequently, that  which  wasdireddy  over  the  (horter  leg  ol  thepipe,  as  much 
v as  the  wax  before  had  done.  And,  fince  we  have  already  prov’d,  that  the 
wax  confiderably  prefs’d  that  plane  ; it  cannot  bedeny’d,  that  the  water 
did,  in  like  manner,  prefs  that  plane:  and,  confequently,  that  water  may 
gravitate  in  water,  as  well  as  a folid  body,  fuch  as  is  wax. 

But,  to  rectify  that  plaufible  miftake,  which  has  long  deluded  both 
philofophers  and  mathematicians,  who  think  a body  does  not  actually  gra- 
vitate, when  it  does  not  defeend*,  we  have  feen,  that  the  immerfed  wax, 
and  the  brafs-grains  which  lie  on  it,  actually  prefs,  or  gravitate,  upon  the 
iubjacent  water,  and  bottom  of  the  vefifel,  on  which  ’tis  incumbent ; and, 
confequently,  its  p refill  re,  not  being  furmounted  by  that  of  the  collateral 
water,  which  is  unable  to  raife  it,  muff  be  as  great  as  that  of  this  collateral 
water.  Therefore,  when,  upon  the  removal  of  a Angle  grain,  the  wax, 
with  its  incumbent  weight,  is  made  to  afeend,  and  that  but  very  (lowly  •, 
’tis  evident,  that  ’twas  fo  fir  from  not  gravitating  before,  becaule  it  did 
not  actually  defeend,  that  it  retain’d  its  gravity  even  whilft  it  afeended  ; as 
may  appear,  not  only  by  the  (lownefs  of  its  motion  upwards,  proceeding 

from 
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from  its  being  in  nature’s  fcale  very  little  lefs  heavy  than  it  need  be,  to  ba- Statics. 
lance  thepreflure  of  the  collateral  water  *,  but  by  this  alfo,  that  if  but  a L/W' 
fingle  grain  be  laid  on,  when  it  begins  to  rife,  its  afcent  will  be  check’d, 
and  hinder’d  •,  which  could  not  be  done  by  the  addition  of  fo  inconfidera- 
ble  a weight,  if  the  wax,  and  the  adhering  metal,  did  not,  even  during 
their  afcent,  retain  their  former  gravity  *,  tho*  that  were  fruftrated  a$  to 
the  aft  of  defending,  or  fo  much  as  keeping  their  ftation,  by  the  pre- 
vailing prefifure  of  the  collateral  water.  So  that,  fince  the  wax,  and  ad- 
hering metal  amounted  to  confiderably  above  four  thoufand  grains  *,  it  did, 
in  the  balance  of  nature,  weigh,  whilft  afcending,  not  fo  much  as  a four 
thoufandthpart  lefs  than  it  did,  whilft  it  was  aftually  defending. 

Upon  the  whole,  then,  Dr.  More , had  he  throughly  confider’d  the  mat- 
ter, needed  not  have  concluded  the  account  of  his  experiment,  as  he  does, 
by  faying,  “ this  is  fo  evident  a demonftration  againft  the  gravity  of  the 
“ parts  of  water  downwards  j that  unlefs  it  prove  true,  I lhall  never  af- 

fent  to  any  reafoningof  my  own,  for  the  future,  nor  to  that  of  any  other 
“ man  whomfoever.”  But,  I hope,  he  will  confider,  as  well  as  I,  that  a 
man  may  be  very  happy  in  other  parts  of  learning,  who  has  had  the  mif- 
fortune  to  miftake  in  hydroftatics  j a fcience  which  very  few  fcholars  have 
been  at  all  vers’d  in. 

Asforthelaft  experiment  in  my  hydroftatical  paradoxes,  the  Doftor  Water  made 
feems  to  fufpeft  the  matter  of  faft  *,  or,  fuppofing  it  true,  accounts  for  it  tofupport  a 
from  his  hylarchic  principle,  and  the  interpofition  of  the  valve  of  the  ^T^°f]ater Specific 
ment ; but  what  confiderable  intereft  the  imaginary  retraftion  of  the  valve,  gravity  than 
or  the  air  itfelf,  can  have  in  this  phenomenon,  I confefs  I do  not  difcern : itfelf, 
for,  I think,  the  experiment  would  fucceed,  when  try’d  in  vacuo , tho’  all 
the  atmofpherical  air  were  annihilated. 

However,  to  avoid  all  miftakes  and  difputes,  that  may  arife  upon  ac- 
count of  the  valve  employ’d  in  our  experiment ; a quantity  of  quick-filver* 
being  by  fuftion  rais’d  into  a very  {lender  glafs-pipe,  whofe  upper  ori* 
fice  was  flopp’d  with  the  finger,  to  keep  the  mercury  from  falling  out ; we 
thruft  the  open  end  of  the  pipe,  with  the  mercury  in  it,  into  a deep 
glafs  of  water,  till  the  little  cylinder  of  mercury  had,  beneath  the  furface 
of  the  water,  attain’d  to  a depth,  at  lead  fourteen  times  as  great  as  the 
height  of  the  mercurial  cylinder  ; when,  the  finger  being  removed  from 
the  upper  orifice,  the  glafs-pipe  will  be  open  at  both  ends,  and  nothing 
can  hinder  the  quick-filver  from  falling  to  the  bottom,  but  the  refiftance  of 
the  cylinder  of  water  that  is  under  it*,  which  cylinder  can  refill  but  by 
virtue  of  the  weight,  or  prefiure  of  the  ftagnant  water  above  it,  tho’ but 
collaterally  placed : yet  this  water  being,  by  the  pipe,  whofe  upper  part  is 
higher  than  the  furface  of  that,  and  accefiibleonly  to  the  air,  kept  frompref- 
fing  againft  the  mercury  any  where  but  at  the  bottom  of  the  pipe  *,  and  be- 
ing about  a fourteenth  part  of  the  weight  of  an  equal  bulk  of  mercury  •,  it 
is  able,  at  that  depth,  to  make  the  fubjacent  water  prefs  upward  againft 
the  mercury,  which  is  but  a fourteenth  part  as  high  as  the  water  is  deep, 
with  a force  equal  to  that  of  the  gravity,  wherewith  the  mercury  tends 
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downwards.  And,  to  manifeft  that  this  phenomenon  depends  merely 
upon  the  equilibrium  of  the  two  liquors  ; if  you  gently  raife  the  lower  end 
of  the  pipe  towards  the  furface  of  the  water,  this  liquor,  being  not  then 
able  to  exercife  fuch  a prefiure  as  it  could  at  a greater  depth,  the  mercury 
preponderating,  will  fall  out  to  the  bottom  of  the  tube.  But  if,  when  the 
quick- filver  is  at  the  firft  depth,  inftead  of  raifing  the  pipe,  you  thruft  it 
down  farther  under  the  water;  the  prefiure  of  that  liquor  againft  the  mer- 
cury, increafing  with  its  depth,  will  not  only  fuftain  the  mercury,  but  im- 
pel it  up  in  the  pipe  to  a confiderable  diftance  from  the  lower  orifice,  and 
keep  it  about  the  fame  diftance  from  the  furface  of  the  water,  which  is 
laterally  above  it.  And  this  experiment  may  not  only  ferve  for  the  pur- 
pofe  for  which  I here  alledge  it ; but,  alfo,  if  duly  confider’d,  and  ap- 
ply’d,  very  much  illuftrate  and  confirm  the  explanation,  formerly  given, 
of  the  feemingly  fpontaneous  afcent  of  the  clogg’d  fucker  in  our  exhaufted 
air-pump. 

The  laft  argument  which  the  Doftor  urges  againft  the  gravitation  of 
water,  in  its  proper  place,  as  they  fpeak,  is  deduced  from  what  happens  to 
divers,  who,  in  the  midft  of  the  fea,  tho’  falc-water  be  much  heavier  than 
frelh,  do  not  find  themfelves  comprefied  by  the  vaft  load  of  the  incumbent 
water. 

But  if  obfervations  about  diving  were  made  by  philofophers,  and  mathe- 
maticians, or,  atleaft,  by  intelligent  men ; we  Ihould,  I do  not  doubt, 
have  accounts  of  it,  very  different  from  the  current  reports.  A learned 
phyfician, of  my  acquaintance,  upon  diving  leifurely,  perceived  a conftri- 
ftion  of  his  thorax,  by  the  aftion  of  the  furrounding  fea-water. 

A Spam/h  prelate,  who  liv’d  long  in  /I meric  a,  fpeak  ing  of  the  Indians, 
employ’d  by  their  inhuman  mafters  in  fifhing  for  pearls,  tells  us,  “ it  is 
“ impoflible  that  men  fhould  live  for  any  Jong  feafon  under  the  water, 
“ without  taking  breath;  fothattheydiecommonly  thro’  vomiting  blood, 
“ and  of  the  bloody  flux.”  And  a general  of  the  Englijh  in  the  Eajl- Indies, 
fenton  anembaflfy  to  the  emperor  of  Japan,  fpeaks'thus  of  fome  female- 
divers  he  met  with  in  his  voyage.  “ All  along  thecoaft,  andfouptoOzaoj,” 
fays  he,  “ we  found  women-divers,  who  lived  with  their  houfhold  and  fa- 
“ 'nily,  in  boats  upon  the  water.  Thefe  women,”  he  fays,  “ would 
“ catch  fifh  by  diving,  which  they  mifledby  net  and  line,  and  that  in  eight 
“ fathoms  depth.  Their  eyes,  by  continual  diving,  grow  as  red  as  blood  ; 
“ whereby  a diving  woman  is  diftinguifbed  from  all  others.”  However, 
the  reafon  why  fo  little  damage  is  fuftain’d  by  diving,  feems,  in  my  opi- 
nion, owing  to  the  uniform  prefiure  of  the  furrounding  fluid,  and  the 
robuft  texture  of  a human  body*. 

The 


* ’Tis  remarked  by  Sir  Jftac  Newton,  that 
fi nee  fluids,  in  prefling  bodies  immerfed 
m them , do  not  change  the  external 
figures  thereof,  they  will  not  change  the 
fituation  of  the  internal  parts  among  one 


another  ; and,  therefore,  that  if  fenfation 
proceeds  from  the  morion  of  the  parts  of 
animals;  fluids  will  not  damage  the  ani- 
mals immerfed  therein , nor  excite  any 
fenfation  in  them,  farther  than  as  their 
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The  fwimsof  fmallerfifh  appearvery  unable  to  refill  comprefture,  beingSTATics. 
much  more  thin  and  delicate  to  the  eye,  than  a piece  of  fine  Venice  paper; 
yet  having  caufed  one  of  thefe  bladders,  above  an  inch  in  length,  and  P ro~^afiJdMai^d 
portionably  wide,  to  be  taken  out  of  a roach,  and  anointed  with  oil,  to  bywelk  and 
keep  it  fupple,  and  preferve  it  from  being  pierced,  or  foften’d,  by  the  tender  bodies. 
water ; and  having,  by  a weight  of  lead,  fatten’d  to  the  neck  of  it,  let  it 
down  to  the  bottom  of  a cylindrical  tube  of  water,  feal’d  at  one  end,  and 
made  large,  and  about  fifty-fix  inches  long  ; we  could  not  perceive  that, 
by  the  weight  of  all  the  incumbent  water,  it  was  manifeftly  comprefs’d, 
or  that  it  difcover’d  the  leaft  wrinkle,  or  other  deprefilon  of  that  very  thin 
membrane,  tho*  fill’d  but  with  air.  And  this  trial  was  made  more  than 
once  with  the  fame  fuccefs.  Yet  that  this  proceeded  rather  from  the 
ftrength  of  the  bladder,  that  was  able  to  refill  the  weight  of  a taller  pillar 
of  water,  than  from  the  levity  of  water  in  the  upper  part  of  the  tube  on 
that  in  the  lower,  we  fhew’d,  by  prefently  letting  down  a mercurial  gage, 
by  a firing,  to  the  bottom  of  a tube : for  the  weight  of  the  incumbent  water 
forced  up  fome  of  the  mercury  out  of  the  open  leg  of  the  fyphon  into  the 
feal’d  one;  and,  confequentiy,  compreis’d  the  air  included  there:  and  the 
uncomprefledair,  being  three  inches  and  $ in  length,  we  judged  it,  at  the 
bottom  of  the  tube,  to  be  about  $ impell’d  up  by  the  intrufion  of  the 
mercury.  And,  to  fatisfy  myfelf,  and  others,  that  if  the  incumbent  wa- 
ter had  been  heavy  enough,  it  would,  vifibly,  have  affedled  the  bladder, 
in  fpite  of  any  Principium  hylarcbicum  \ we  funk  it  in  a cryftal  glafs,  that 
had  a long  cylindrical  neck,  and  was  exa£lly  fitted  with  a ftopple  ; then  a 
competent  quantity  of  air  being  left  above  the  water,  the  ftopple  was  warily, 
and  by  degrees,  thruft  down ; and  fo,  lefiening  the  capacity  of  the  glafs, 
comprefted  the  air  that  was  next  it,  and,  by  the  intervention  of  that,  the 
water  under  it.  And  tho*  there  did  not,  upon  a (light  compreflion  of  the 
outward  air,  appear  any  fenfible  effed  upon  the  bladder  that  was  at  the 
bottom  of  the  water ; yet,  upon  a farther  intrufion  of  the  ftopple,  the  pref- 
fure  being  increafed,  the  immerfed  bladder  difcover’d  two  confiderably 
deep  wrinkles,  that  prefently  difappear’d  upon  drawing  up  the  ftopple  j 
which,  being  thruft  in  again,  the  deprefiions  were  again  to  be  feen  on  the 
fwim.  And,  having  convey’d  a mercurial  gage  into  the  fame  glafs,  we 
eftimated,  by  the  condenfation  of  the  air  in  the  feal’d  leg  of  it,  that  the 
bladder  had  been  expofed  to  a prefture  equal  to  that  of  a column  of  about 
forty  feet  of  water. 

This  may  leften  our  wonder,  that  bodies,  of  fo  firm  a texture  as  thofe 
of  lufty  men,  fupport  the  prefture  of  the  water  at  fuch  depths  as  divers 
ufually  remain  ; fince  we  fee  what  refiftance  can  be  made  by  fo  exceeding 


bodies  may  be  condenfed  by  compreflure. 
Newton.  Prineip . p.  264,  265.  And  Bore  Hi 
having  fhewn,  that  a quantity  of  fand, 
contain’d  in  a very  hard  or  rigid  veflel, 
cannot  poffibly  be  divided,  or  entred,  by  a 
wedge;  and  that  water,  in  like  manner. 


contained  in  a bladder,  every  way  equally 
comprefled,  can  neither  be  contracted,  bent, 
or  otherwife  diftorted ; hence  deduces  the 
reafon  why  divers  are  not  fenfible  of  the 
preflure  of  the  water.  De  motib.  nat.  a gra~ 
vitatsfaftie . Prop.  29.  34. 


thin 
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thin  and  delicate  a membrane,  diftended  only  with  the  air,  in  companion  of 
the  ftrong  membranes  and  fibres  of  a man,  fill’d,  befides  air,  with  more 
firm  parts.  ’Tis  alfo  confiderable,  what  great  weights  may  be  fuftain’d  in 
the  air,  by  fuch  fibres  or  tendons,  and  by  other  fibres  interwoven  into  mem- 
branes, in  comparifon  of  what  an  ordinary  man  would  expeft.  And,  not 
only  upon  account  of  the  liable  parts  of  a human  body,  but  of  the  fpirits 
too,  it  may  refill  very  violent  preflures  of  a fluid,  without  any  manifell 
contufion,  or  difiocation  of  parts,  or  even  fenfe  of  pain  ; as  appears  from 
the  great  effe&s  which  gulls  of  wind  have  upon  trees,  houfes,  (Sc.  tho’  a 
man  will  withlland  the  impetuofity  of  fuch  a llrong  wind,  and  walkdireft- 
ly  againll  it,  by  virtue  of  the  vigour  of  his  mufcles  and  fpirits,  without  being 
thrown  down,  or  bruifed,  by  fo  violent  a current  of  air,  and  without  lb 
much  as  complaining  of  pain;  and  this,  tho’  the  wind  that  beats  againll 
him,  a£ts  as  a llream,  and  does  not  uniformly  comprefs  him,  but  invade 
only  the  fore-part  of  his  body.  Thus,  alfo,  in  the  lifting  up  of  heavy  weights 
by  lulty  men,  we  may  fee  the  (lender  tendons  of  the  hand  loaded  with 
an  hundred  and  fifty  pounds,  or  more,  without  having  their  fibres  fo  far 
comprefied,  or  ftretched,  as  to  make  the  perfon  complain  of  pain.  A hu- 
man body,  therefore,  is  an  engine  of  a much  firmer  ftru&ure,  than  mere 
fcholars  ufually  take  notice  of.  And,  I doubt,  whether,  if  the  llru&ure 
of  a man  were  not  confiderably  firm,  he  could,  efpecially  in  a deep  fea, 
fupport  the  prefifure  of  the  water,  tho*  not  immediately  apply’d,  without 
pain.  For,  having,  feveral  times,  convers’d  with  a man  who  got  his  living 
by  diving  for  fhip- wreck’d  goods;  he  allured  me,  that,  when  he  llay’d  at 
a confiderable  depth,  as  ten  or  twelve  fathoms,  under  the  furface  of  the 
fea,  he  felt  a great  pain  in  both  his  ears,  which  often  put  him  to  fhifts  to 
lelfen  it;  and  this,  by  his  manner  ofdefcribing  it,  I concluded,  arofefrom 
the  incompetent  refinance  of  the  air,  which  he  found,  by  manifell  tokens, 
to  be  greatly  comprefs’d  by  the  upper  water.  This  relation,  from  fuch  a 
perfon,  not  only  confirms  our  explanation,  but  likewife  warrants  us  to 
doubt  whether  the  common  reports  that  are  made  concerning  divers,  ought 
to  be  rely’d  on,  without  further  examination. 

We  took  a common  flelh-fly,  of  a middle  fize,  and  having  put  it  into 
the  fhorter  leg  of  a bent  glafs,  which  we  caufed  to  be  hermetically  fealed, 
we  added  as  much  mercury  as  fill’d  that  leg,  and  a part  of  the  other ; lea- 
ving little  more  than  an  inch  of  air  between  the  quick-filver,  and  the  feal’d 
end,  that  there  might  be  room  both  for  the  fly,  and  the  condenfation  of 
the  air  ; and  then,  with  a little  rammer,  fitted  for  the  purpofe,  we  caufed 
the  mercury,  in  the  open  leg,  to  be  thrull  againll  that  in  the  feal’d  one  ; 
which  neceflarily  crowded  the  air,  near  the  fly,  into  lefs  room  ; fo  that  it 
feem’d  condens’d  into  about  a third  part  of  the  fpace  which  it  poflefs’d 
before,  and  which  it  regain’d,  when  the  rammer  was  withdrawn  : and  tho* 
this  were  done  more  than  once,  yet  the  fly  appear’d  not  fenfibly  hurt; 
and  I perceiv’d  her,  whilft  fhe  was  pent  up,  to  move  her  legs,  and  to  rub 
them  one  againll  the  other,  as  ’tis  ufual  with  that  fort  of  inlefts  in  the  free 
air.  2 


Another 
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Another  experiment,  to  the  fame  purpofe.we  made  with  water ; tho’  this  Statics; 
wet  the  wings  of  the  fly,  and  foon  after,  by  mifchance,  drown’d  it:  but  we 
had,  firft,  an  opportunity  to  comprefs  the  air  into  a third,  if  not  a fourth 
pare,  of  its  former  dimenfions  ; yet  the  fly  continu’d  to  move  feveral  of 
her  parts,  and  efpecially  her  legs,  very  vigoroufly  *,  as  if  nothing  troubled 
her,  but  being,  as  it  were,  glued  to  the  infide  of  the  glafs  by  her  wetted 
wings.  And  this,  I hope,  will  keep  the  refiftance  of  divers,  to  the  fur- 
rounding water,  from  Teeming  incredible  •,  fince  fuch  flies  were  able  to  re- 
fift,  and,  for  ought  appear’d  without  harm  or  pain,  the  preflure  of  the 
crowded  particles  of  the  air:  tho’  we  guefs’d  it  to  have  been  as  much  com- 
prefs’d  by  the  force  of  the  rammer,  as  it  would  have  been  by  a cylinder  of 
water,  of  between  50  and  60  feet  high. 

Hence,  too,  we  may  be  aflifted  to  conceive,  how  great  a difference  there 
is,  whether  the  Tame  preflure  be  exercifed  by  a folid,  or  by  a fluid  body. 

For,  according  to  our  eftimate,  the  preflure  againft  the  body  of  the  fly 
was  as  great,  as  if  a (lender  pillar  of  marble,  having  the  fly  for  its  bafe, 
and  18  or  20  feet  in  height,  had  refted  upon  the  little  animal. 

We  alfo  took  Tome  ordinary  black  flies,  of  a middle  fize  *,  and  having 
placed  one  of  them,  with  the  head  upwards,  and  left  fome  diftance  betwixt 
her  and  the  feal’d  end  of  the  glafs  tube,  we  pour’d  in  quick-filver  very 
(lowly,  and  cautioufly,  left  the  force  of  To  heavy  a body,  acquired  by  its 
velocity  in  the  fall,  fhou’d,  more  than  the  mere  weight  of  the  fluid,  opprefs 
her : at  length  we  got  in  as  much  mercury  as  the  tube  would  receive ; and 
then  holding  it  upright,  we  watch’d  whether  the  fly  would  make  any  mo- 
tions \ and  finding  that  (he  did  manifeftly  ftir,  notwithftanding  the  incum- 
bent mercury,  we  meafur’d  the  height  of  the  mercurial  pillar,  reaching  from 
the  middle  of  her  body,  to  the  top  of  the  fluid,  and  found  it  to  be  about 
eight  inches ; and  the  quick-filver  being  pour’d  out,  the  fly  appear’d  very 
lively,  and  vigorous. 

We  repeated  the  experiment  with  one  of  thebeft  flies  we  could  take, when 
their  feafon  was  almoft  over,  and  of  the  fame  fize  with  the  former  -y  when, 
ordering  the  matter  fo,  that  the  mercury  incumbent  on  her,  appear’d  to  be  of 
a greater  height  than  that  of  the  tube  before  employ’d,  we  Taw  her  move 
one,  or  other  of  her  legs,  feveral  times,  tho’  the  tube  was  held  upright ; 
and  therefore  meafuring  the  height  of  the  mercury  above  her,  we  found. 
it  to  amount  to  above  fixteen  inches  *,  then  freeing  her  from  this  preflure, 
we  obferv’d,  that  fhe  immediately  found  her  legs  again,  and  moved  up 
and  down,  brifkly:  tho’ when  (he  was  afterwards  opprefs’d,  with  23  or 
24  inches  of  the  fame  quick-filver,  fhe  gave  no  figns  of  life.  But  having 
got  another  fly,  of  about  the  fame  bignefs  *,  tho’,  when  (lie  was  at  the  bot- 
tom of  the  quick-filver,  fhe  Teem’d  fo  comprefs’d  as  not  to  have  any  mo- 
tion, yet,  upon  being  taken  out  of  the  glafs,  (he  prefently  difplay’d  her 
wings  •,  tho’  the  pillar  of  mercury,  that  prefs’d  upon  her,  amounted  to  a- 
bove  27  inches. 
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Another  fly,  that  ; :em’d  but  about  half  fo  big,  as  one  of  thofe  hitherto 
mention’d,  being  well  placed,  with  fome  mercury  under  her,  in  a glafspipe, 
held  upright,  fudain’d  a mercurial  pillar  of  25  inches  ; and  tho’  flie  was 
not  obferv’d  to  move  under  fo  great  a weight,  yet,  when  once  that  was  taken 
off,  fhe  appear’d  unhurt ; and,  probably,  would  have  efcap’d  under  a much 
greater  weight,  if  the  tube,  which  was  too  large,  had  not  already  employ’d 
all  the  dock  of  mercury  we  then  had  at  hand.  Since,  then,  fo  fmall  an  ani- 
mal, as  a fly,  may  furvive  fo  great  a preflure,  and  remain  able  to  move 
fuch  long  and  (lender  bodies,  as  her  legs,  when  prefs’d  againd  by  above 
16  inches  of  mercury  *,  and,  confequently,  by  a weight  equivalent  to  a 
pillar  of  water,  of  more  than  18  feet  and  a half*,  which  being  590  times 
her  own  length,  and  many  times  more  her  height,  it  appears,  that  a diver, 
fix  foot  tall,  to  have  as  many  times  his  height  of  water  above  him,  as  our 
fly  might  have  had,  and  yet  continue  to  have  moved  under  it,  mud  dive  to 
near  an  hundred  fathoms  ; which  is  a depth  vaftly  greater  than,  from  what 
I could  Jearn  by  enquiry,  the  divers,  either  for  coral  or  pearl,  defcend 
to. 

Thus,  then,  we  have  accounted  for  a phenomenon,  which  Dr.  More 
thinks  infoluble,  without  his  hylarchic  principle.  There  would,  indeed,  be 
much  more  weight  in  what  he  objedls,  if  our  alfertion,  of  the  gravitation  of 
water  in  water,  were,  like  the  Principium  hylarchicum , a mere  hypothefis, 
advanced  without  any  pofitive  proof:  but  our  dodtrine  is  diredlly  proved, 
by  particular  experiments ; to  elude  the  force  whereof,  fo  ingenious  a per- 
fon,  is  obliged  to  call  in  a principle  that  is  not  phyfical. 
r-  But,  whatever  power  he  is  pleas’d  to  fuppofc  at  the  bottom  of  the  fea, 
to  fufpend  the  preflure  of  the  incumbent  water,  I think,  that  fuppofition 
mud  give  place  to  experience  ; which  (hews,  there  really  is  a great  preflure 
exercis’d  by  the  water  at  the  bottom  of  the  fea.  A gentleman,  who  has 
been  often  prefident  of  the  royal  fociety,  allured  me,  that  a friend  of  his, 
having  let  down  a pewter  bottle  into  a deep  fea,  with  weight  enough  to 
fink  it,  that  he  might  try  whether  any  fweet  water  would  drain  into  it  ; 
found,  when  he  pull’d  it  up  again,  the  fides  of  it  very  much  comprefs’d, 
and,  as  ’twere,  fqueez’d  inwards  by  the  water.  An  acquaintance  of  mine, 
trying  to  cool  his  liquor,  when  he  fail’d  thro’  the  torrid  zone,  by  letting 
the  containing  veflels  to  a great  depth  into  the  fea,  was,  at  fird,  amaz’d  to 
find  the  corks,  with  which  the  drong  done  bottles  had  been  well  dopp’d 
before,  fo  forcibly,  and  fo  far  thrud  in,  that  they  could  fcarce  have  been 
fo  violently  beaten  in  with  a hammer.  And  an  ingenious  perfon  who  pra- 
dtifes  phyfic  in  the  Indies , told  me,  he  try’d,  in  a very  deep  part  of  the 
fea,  whether  any  frefh  water  would  drain  into  done  bottles,  thro*  a thick 
cork,  drongly  dopp’d  in ; and  having  let  it  down  with  a convenient  weight 
to  100  fathoms,  was  much  difappointed,  when  he  drew  it  up,  by  finding 
that  the  preflure  of  the  water,  at  fo  vad  a depth,  had  quite  thrud  down 
the  cork  into  the  cavity  of  the  bottle  : an  effedt  which  he  fcarce  could  have 
expedted  from  the  droke  of  a mallet. 
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And,  to  (hew,  ad  oculum,  that  water  may  gradually,  as  it  grows  deeper,  Statics. 
prefs  againft  the  ftopple  of  a bottle,  tho’  the  vefiel  be  inverted  ; we  took  \yy\j 
aglafsvial,  furniihed  with  a cylindrical  neck,  and  its  cavity  large,  in 
proportion*,  into  this  we  put  as  much  quick-filver  as  would,  in  the  neck, 
make  a fhort  mercurial  pillar,  of  between  half  an  inch,  and  an  inch  *,  then 
a piece  of  very  fine  bladder,  dipped  in  oil,  was  fo  ty’d  over  the  orifice 
of  the  glafs,  that  no  mercury  could  fall  down,  or  get  out,  nor  water  get 
in  at  the  orifice  ; and  yet  the  bladder,  by  reafon  of  its  great  limbernefs, 
might  be  eafily  thruft  up  towards  the  cavity  of  the  vial,  or  deprefs’d  by 
the  weight  of  the  mercury.  This  little  inftrument,  firft  furnifh’d  with  a 
weight  of  lead,  to  fink  it,  being  inverted,  the  mercury  defcended  into  the 
neck,  and  clofed  the  orifice  as  exactly  as  a ftopple;  but,  with  its  lower 
part,  deprefs’d  the  bladder  beneath  the  horizontal  plane,  that  might  be 
conceiv’d  to  pafs  by  the  orifice  : then  the  glafs,  being,  for  a while,  kept 
in  the  water,  and,  by  a firing,  let  further  down  into  the  fame  glafs 
vefiel,  fill’d  to  about  two  feet  in  height ; the  prefiure  of  the  liquor  againft: 
the  orifice  of  the  vial,  by  degrees  drove  up  the  bladder,  and  the  mercurial 
ftopple  into  the  cavity  of  the  neck ; as  was  manifeft  by  the  afcent  of  the 
quick-filver : and  when  the  inftrument  was  leifurely  drawn  up  again,  the 
weight  of  this  mercury  made  it  fubfide,  and  plump  up  the  bladder,  as  be- 
fore. y 

Meeting,  cafually,  with  an  ingenious  mechanic,  who  devifed  proper 
accommodations,  and  a boat,  wherewith  he  could  continue,  for  a great 
while,  at  a confiderable  depth  under  water ; he  afiured  me,  that  when 
he  was  about  four  or  five  yards  deep  in  the  river  Ifoamesi  his  breaft  and 
abdomen  were  fo  comprefied,  that,  there  being  hardly  room  enough  left 
for  the  free  motion  of  his  lungs,  he  could  fcarce  fetch  his  breath ; and  was 
obliged  to  be  drawn  quickly  up:  and  that,  to  remedy  this,  he  caufed  a 
kind  of  armour  for  the  chelt  and  back,  to  be  made  of  copper  ; and  tho* 
the  metal  defended  him  from  any  mifchief  in  thofe  parts,  yet,  in  others, 
where  only  leather  was  interpofed,  when  he  came  to  the  depth  of  about 
fix  fathoms,  he  found  a great  prefiure  upon  his  legs  and  arms,  and  all  the 
other  parts,  againft  which  the  water  was  able  to  thruft  the  leathern  fuit 
inwards : and  this  prefiure  he  found  pretty  equal;  fo  as  to  receive  no  great 
inconvenience  from  it ; being  able  to  continue  under  water,  tho’  not  at  any 
great  depth,  for  about  two  hours.  He  farther  declar’d,  from  his  own 
experience,  that  the  ambient  water  endeavour’d  to  prefs  him,  and  his  di- 
ving fuit,  every  way  inwards.  I have  alfo  been  afiured,  that  a profefs’d 
diver,  when  he  defcended  in  his  bell,  to  very  great  depths,  has  often  had: 
the  blood  fqueez’d  out  at  his  nole  and  eyes. 

Upon  the  whole,  it  appears,  that  water  actually  prefies  againft  bodies 
under  it,  whether  fpecifically  lighter,  or  heavier  than  itfelf. 
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Water aftually  y jj  ' O my  particular  method  of  actually  weighing  water  in  water,  it  has 
weigh'd m zva-  been  objedlcd,  by  a late  writer  of  hydrofta tics,  that  there  is  a mi- 

tfc'ales^  C°mmn  ftake  in  it.  I (hall  here,  therefore,  endeavour  to  clear  this  matter,  and  fee 
my  thoughts  about  it  in  a fuller  lighr. 

My  opinion  is,  that  water,  as  it  is  a heavy  fluid,  always  retains  its  gravita- 
tion, and  power  of  prefling  ; (by  which  I mean,  a tendency  down  wards,  what- 
ever be  the  caufe  of  that  gravity)  whether  it  have  a body  under  it,  either  fpe- 
cifically  heavier  or  lighter  than  icfelf,  or  one  equi-ponderant  to  it.  For  I 
fee  not  what  (bould  deftroy,  or  abolifh  this  gravity,  tho*  many  things  may 
hinder  fome  effects  of  it.  And,  therefore,  I fuppofe  that  water  retains  its 
gravity,  not  only  in  air,  but  in  water  too,  and  in  heavier  liquors;  and, 
confequently,  by  virtue  of  this,  that  liquor  preffes  upon  them.  But,  if  a 
furrounding  fluid  have,  upon  account  of  its  fpecific  gravity,  an  equal,  or  a 
(Ironger  tendency  downwards  than  water,  it  will,  by  virtue  of  that,  be  able 
to  impel  up  this  liquor,  or  to  keep  it  from  adlually  defeending  ; fo  that  a 
portion  of  water,  fuppofed  to  be  included  in  a veflel  of  the  fame  fpecific 
weight  with  water,  will,  placed  in  a greater  quantity  of  the  fame  water, 
neither  rife  nor  fall,  tho*  it  retains  its  gravity  there;  only  this  gravity  is 
kept  from  making  it  adlually  defeend  by  the  contrary  adlion  of  the  other 
water,  whofe  fpecific  gravity  is  fuppofed  equal : as  when  a juft:  balance 
is  loaded  with  a pound  weight,  in  each  of  the  feales,  tho’  neither  of  the 
weights  adlually  defeend,  being  hinder’d  by  its  counterpoife ; yet  each  re- 
tains its  whole  weight,  and,  with  it,  prefles  the  fcale  it  refls  on : fo  that  our 
included  portion  of  water,  really  prefles  the  fubjacent  water,  tho*  it  does 
not  adlually  deprefs  it.  Nor  do  I think  that  the  only  way  of  judging 
whether  a body  gravitates,  is  to  obferve,  whether  it  adlually  defeends: 
fince,  in  many  cafes,  its  gravity  may  be  proved,  by  the  refiflance  it  makes 
to  heavy  bodies,  which  would  otherwise  raife  it;  as  appears  by  equal 
weights  in  a balance.  And,  for  want  of  this  diftindlion,  I have  known  even 
learned  men,  treating  ofhydroftatics,  miftake  the  queftion. 

Now,  the  adverfaries  I had  to  deal  with,  both  in  print  and  in  difcourfe, 
deny’d,  that  in  (landing  water,  the  upper  prefs’d,  or  gravitated  upon  the 
lower  parts.  And  tho’  they  could  not  but  grant,  that  the  whole  weight 
of  the  water  gravitated  upon  the  bottom  of  the  veflel ; yet  they  would  have 
the  parts  of  it  to  do  fo  aftione  communis  as  they  fpeak  ; and  fancied  I know 
not  what  power  of  nature,  to  keep  the  homogeneous  portions  of  water,  as 
well  as  other  elements,  from  prefling  one  another,  whiUl  it  is  in  its  proper 
place.  Againft:  this  opinion  it  was  alledg’d,  (befides  other  things,  which 
I found  many,  otherwife  good  fcholars,  were  not  fitted  to  underftand  ) 
that  if  a glafs  vial,  or  bottle,  well  (lopp’d,  were  deeply  immerfed  under 
water,  it  would  ftrongly  tend  upwards  ; but  if  it  were  dextroufly  un- 
flopp’d, when  ’twas  thus  immers’d,  fo  that  the  water  could  get  in; 
allowing  for  the  weight  of  the  glafs  itfelf;  ’twould,  by  the  water  that 

crowds 
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crowds  in  and  thrufts  out  the  air,  be  made  ftrongly  to  tend  downwards,  Statics, 
and  continue  funk.  But  this  not  fatisfying,  becaufe  ’twas  pretended  that 
the  reafon  of  the  empty  bottle’s  emerging  when  ftopt,  was  the  pofitive  le- 
vity of  the  air  that  fill’d  it,  and  that  the  finking  of  it  when  unftopt,  was 
from  the  recefs  of  the  fame  air,  which  by  the  intruding  water  was  driven 
with  large  bubbles  out  of  the  bottle  *,  I thought  this  evafion  might  be  ob- 
viated by  contriving  an  experiment,  wherein  the  water  fhould  be  plenti- 
fully and  fuddenly  admitted  into  the  glafs,  and  yet  no  air  expell’d  out  of 
it,  fo  that  if  then  the  glafs,  which  was  fuftain’d  before,  fhould  fall  to  the 
bottom,  with  a gravitation  amounting  to  a confiderable  weight  in  refpedt 
of  its  capacity,  the  finking  of  it  could  not  be  afcrib’d,  as  before,  to  the 
recefs  of  the  air,  endow’d,  as  they  fuppofe,  with  pofitive  levity,  but  to  the 
weight  of  the  water  admitted,  which  when  thus  weigh’d  would  be  environ’d 
with  water  of  the  fame  kind  *,  and  to  fhew  that  this  water  might  have  a 
confiderable  weight,  notwithftanding  the  place  it  was  in, I employ’d  a pair 
of  fcales,  after  the  manner  recited  in  the  experiment,  p.  288.  VoL  II. 

However  therefore  my  expreffions  difagree  with  thofe  of  my  adverfary, 
the  diftance  of  our  opinions  is  not  fo  wide  as  it  feems  at  firft  fight  •,  for  he 
allows  as  well  as  I that  the  fuperior  parts  of  water  do  by  their  gravity  prefs 
the  inferior  *,  but  this  he  would  not  have  amount  to  fo  much  as  to  mean, 
that  water  weighs  or  gravitates  in  water.  But  if  he  thinks  that  in  my  ex- 
periment I meant  to  propofe  a method  of  making  water  defcend  in  water, 
and  weigh  it  in  that  liquor  with  a pair  of  fcales,  juft  as  I would  a piece  of 
lead,  or  a portion  of  mercury,  which  are  bodies  much  heavier  in  fpecie 
than  water,  either  he  miftakes  my  intention,  or  I did  not  fufficiently  de- 
clare it ; what  I defign’d  to  fhew,  and  I think  have  fhewn,  was,  that  by 
the  help  of  an  ordinary  balance  it  may  be  made  appear,  that  water  ad- 
mitted into  the  glafs  bubble  I employ’d,  caus’d  it  to  weigh  much  hea- 
vier than  it  did  before  that  liquor  enter’d  into  it  •,  and  that  this  new  weight 
manifefted  by  the  balance  was  not  due,  as  my  adverfary  fuppofes,  to  a 
recefs  of  the  air. 

To  this  experiment  our  author  objects  the  following.  tc  Take  a piece 
“ of  wood  lighter  in  fpecie  than  water,  and  add  weight  to  it  by  degrees, 
cc  till  it  become  of  the  fame  weight  with  water  •,  fallen  it  with  a firing  to 
46  a balance,  and  weigh  it  in  water,  and  you  will  find  the  whole  weight 
65  fupported  by  the  water.”  But  this  is  fo  far  from  overthrowing  my 
opinion,  that  it  agrees  very  well  with  it  *,  for  fuppofe  the  weight  added  to 
the  light  wood  be  lead,  it  cannot  be  faid  that  the  metal  lofes  its  native 
ponderofity  whilfl  it  refts  in  the  water  •,  and  the  reafon  why  it  delcends 
not,  is,  that  it,  and  the  wood  whereto  it  is  join’d,  are  hinder’d  by  the 
counterpoife  of  the  collateral  water,  which  by  its  preffure  would  raife  the 
furface  of  the  water  whereon  the  floating  body  refts,  if  it  were  not  hinder’d 
by  the  weight  of  thefe  incumbent  folids  ; and  this  refiftance  of  theirs  to 
the  endeavour  of  the  water  upwards  being  exercis’d  only  upon  account  of 
their  gravity,  fhews  that  they  do,  in  my  fenfe,  gravitate,  tho’  not  pre- 
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Statics.  ’Tis  obvious  that  if  wood,  wax,  or  other  bodies  lighter  in  fpe cie  that* 
water,  be  detain’d  under  it,  they  will,  upon  removal  of  the  force,  e- 
^hvit rel:n:  1TierSe  to  t0P  > and  this  they  do  fo  readily,  and  as  it  feems  fpontane- 
dies* under ou^y?  t^iaC  generality  of  philofophers,  both  ancient  and  modern, 
water.  aferibe  it  to  an  internal  principle,  which  they  call  pofitive  levity. 

But  this  principle  was  not  always  fo  univerfally  receiv’d  among  philo- 
fophers as  in  later  ages  ; Democritus , ami  feveral  of  the  ancients,  admit- 
ting no  abfolute,  but  only  a relative  levity  ; which  opinion  fome  of  the 
moderns  have  attempted  to  revive. 

The  experiment  ufually  urg’d  to  prove  the  pofitive  levity  of  wood  in 
water,  feems  to  me  too  (lightly  made  to  be  acquiefced  in  ; ’tis  true  in- 
deed, if  a flat  board,  for  inftance,  a trencher,  have  its  broad  furface 
kept  by  a man’s  hand  upon  the  horizontal  bottom  of  a bucket  full  of  wa- 
ter, when  the  hand  that  detain’d  it  is  remov’d,  the  trencher  will  common- 
ly loon  afeend  to  the  furface  of  the  water.  But  I do  not  perceive  that  a 
decifive  experiment  of  this  kind  is  eafy  to  be  made  with  fuch  materials ; 
for  the  wood  whereof  both  the  trencher  and  the  bottom  of  the  bucket 
conflft,  are  fuppofed  to  be  lighter  in  fpecie  than  water,  and  confequently 
they  mud  be  of  a porous  and  lax  texture  ; whilft  the  more  folid  woods, 
as  Lignum  vitce , brazil,  i£c.  whofe  texture  is  clofer,  fink  in  water-,  if 
therefore  there  be  not  much  care  ufed  to  bring  the  furfaces  of  the  trencher 
and  the  bottom  of  the  bucket  to  a true  flatnefs  and  fmoothnefs,  the  ex- 
periment will  not  be  accurately  made  ; and  perhaps  tho’  it  be  mentally, 
yet  it  is  fcarce  practically  poflible  to  bring  fuch  porous  bodies  as  the 
lighter  woods  to  fuch  a contaCt  as  is  neceflary  in  this  cafe  and  were  that 
actually  done,  1 (hould  not  expeCl  that  the  trencher  would  afeend ; for 
in  my  opinion  the  caufe  why  in  ordinary  inftances  wood,  wax,  and  other 
bodies  fpecifically  lighter  than  water,  being  let  go  at  the  bottom  of  a 
veflel  full  of  that  liquor,  emerge  to  the  top,  is  chiefly,  that  there  is  no 
fuch  exquifite  congruity  and  contaCt  between  the  lower  fuperficies  of  the 
wood  and  the  upper  of  the  bottom  of  the  veflel,  but  that  the  lateral  parts 
of  the  water,  being  impell’d  by  the  parts  of  the  fame  liquor  incumbent 
on  them , are  made  to  infinuate  and  get  between  the  lower  parts  of 
the  wood  and  the  bottom  of  the  veflel,  and  fo  lift  or  thruft  upwards 
the  wood;  which,  bulk  for  bulk,  is  lefs  heavy  than  the  water  that 
extrudes  it. 

But  as  the  whole  of  the  argument  of  thofe  I difpute  with  confifts  in 
a fuppofltion,  that  becaufe  the  trencher  is  plac’d  on  the  bottom  of  the 
veflel,  no  water  can  come  between  to  buoy  it  up,  whence  they  conclude 
it  mud  afeend  by  an  internal  and  pofitive  principle  of  levity,  I made  the 
experiment  after  another,  and,  if  I miftake  not,  a better  manner. 

Shewn  by  ex-  We  took  then  two  round,  cylindrical  plates  of  black  marble,  which 
hk hoover  t^°^e  fliper^c^es  t^iat  were  clapp’d  together,  ground  very  flat,  and 

throw  the  do - care^u^y  polilh’d,  that  they  might  touch  in  as  many  parts  as  poflible,  and 
ftrine  of  pofi - that  the  upper  being  taken  up,  the  other  might  flick  to  it,  and  alccnd  with 
the  levity . 2 it  ; 
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it ; and  the  better  to  keep  out  the  water,  the  internal  fur  faces  were,  be-  Statics. 
fore  they  were  put  together,  lightly  oil’d,  which  did  not  hinder  them  L/YVy 
from  mod  eafily  fiiding  along  one  another,  as  long  as  the  contiguous  fur- 
faces  were  kept  horizontal  ; then  a blown  bladder  of  a moderate  fize  was 
faden’d  to  the  upper  marble,  and  both  of  them  were  let  down  to  the  bot- 
tom of  fome  dagnant  water,  where,  by  the  help  of  an  eafy  contrivance, 
the  lower  marble  was  kept  level  to  the  horizon  ; and  now  the  patrons  of 
pofitive  levity  would  have  concluded,  that  the  bladder,  being  a body 
much  lighter  than  wood,  and  being  in  an  unnatural  place,  beneath  the 
furface  of  the  water,  fliould  of  its  own  accord  and  with  impetuofity  e- 
merge  *,  but  I expedled  a contrary  event,  becaufe  the  bladder  being  ty’d 
to  the  upper  marble,  fo  that  both  of  them  might  in  our  cafe  be  confider’d 
as  one  body,  the  water  could  not  impel  them  up,  fince  the  clofe  contact 
of  the  furfaces  of  the  two  marbles  kept  the  water  from  infinuating  be- 
tween them,  and  confequently  from  getting  beneath  the  upper  marble, 
and  prefling  againft  the  lower  fuperficies  of  it ; and  to  fliew  that  this  was 
the  reafon  why  the  bladder  did  not  emerge,  I caufed  part  of  the  oil’d  fur- 
face  of  the  upper  marble  to  be  did  off  from  that  of  the  lower,  which  by 
reafon  of  the  fmoothnefs  and  flipperinefs  of  the  furfaces  was  very  eafy  to 
do  •,  but  the  contact  (till  continuing  in  a greater  part  of  the  furface  than 
was  requifite,  more  and  more  of  the  upper  marble  was  gradually  dipt 
from  the  lower,-  till  at  length,  when  the  marbles  touch’d  but  in  one  half 
of  their  furfaces,  the  endeavour  of  the  water  to  force  up  the  bladder  full 
of  air,  being  ftronger  than  the  refiftance  which  the  conta<5l  but  of  part  of 
the  furfaces  of  the  dones  was  able  to  make,  they  were  fuddenly  disjoin’d, 
and  the  bladder,  by  the  extruding  water,  impetuoudy  fhot  up  above  the 
top  of  the  water. 

With  the  fame  marbles  we  made  feveral  other  experiments  of  this  kind, 
mod:  commonly  letting  them  down  both  together,  but  once  or  twice  at 
lead  by  placing  the  upper  marble  under  water  upon  the  lower,  already 
fix’d  to  the  bottom  of  the  veffel. 

That  ’twas  not  the  weight  of  the  upper  marble,  nor  want  of  lightnefs, 
whether  pofitive  or  relative,  of  the  air  included  in  the  bladder,  that  kept 
it  from  afcending,  is  manifed  by  the  impetuous  afcent  of  it  upon  disjoin- 
ing the  marbles  *,  and  by  this,  that  the  bladder  would  lift  up  from  the 
lower  parts  of  the  water,  not  only  the  upper  done,  when  it  touch’d  not 
the  other,  but  a weight  of  7 or  8 pounds  hanging  at  it. 

We  alfo  took  a bladder,  in  great  part  freed  from  its  air,  and  tying  the 
neck  of  it  very  clofe,  that  none  of  the  remaining  air  might  get  out,  we 
faden’d  a confiderable  weight  to  it,  and  by  the  help  of  this  funk  the  blad- 
der to  the  bottom  of  a wide-mouth’d  glafs  full  of  water,  that  the  fur- 
face of  the  liquor  might  be  confiderably  higher  than  the  upper  part  of  the 
bladder  ; this  wide-mouth’d  glafs  we  included  in  a great  receiver,  which 
was  carefully  cemented  on  to  the  engine.  The  principal  defign  of  the 
experiment  was  to  diew,  that  tho’  the  air  included  in  the  bladder  was 
very  far  from  being  able,  by  its  abfolute  levity,  to  lift  up  fo  great  a weight 
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Statics,  as  the  bladder  was  clog’d  with;  yet  the  fame  air,  included  in  the  blad- 
der,  would,  by  its  mere  expanfion,  without  any  new  external  heat,  acquire 
a power  of  afcending,  notwithflanding  that  weight ; which  afcent,  there- 
fore, mud  be  attributed  to  the  water,  that,  according  to  hydroflatical  laws, 
ought,  c ee  ter  is  paribus , to  refill  thofe  immerfed  bodies  the  more  powerfully, 
that  being  lighter,  in  fpccie , than  it,  poffefs  the  greateft  place  in  it,  and 
hinder  the  more  water  from  acquiring  its  due  fituation.  For  the  profecu- 
tion  of  this  trial,  we  began  to  pump  the  air  out  of  the  great  receiver ; and 
its  preffure  upon  the  furface  of  the  water  being  thereby  gradually  lefien’d, 
the  fpring  of  the  included  air  began  by  degrees,  to  dillend  the  fides  of  the 
bladder,  till,  at  length,  the  included  air,  fwelling  every  way,  took  up 
fo  much  more  room  in  the  water  than  it  did  before,  that  the  water  was  a- 
bleto  lift  the  bladder,  and  the  annexed  weight,  to  the  top,  and  detain  it 
there,  till  we  thought  fit  to  let  in  fome  of  the  excluded  air  ; which  forcing 
that  in  the  bladder  into  lefs  dimenfions,  the  weight  was  prefently  able  to 
fink  it  to  the  bottom. 

But  if  indead  of  hanging  fo  great  a weight  at  the  neck  of  the  bladder, 
we  fatten’d  only  a moderate  piece  of  lead,  fuch  as  would  only  ferve  to  fink 
the  bladder,  and  keep  it  at  the  bottom  of  the  water,  fo  that  the  aggre- 
gate of  the  bladder,  air,  and  metal,  was  but  a little  heavier  than  an  equal 
bulk  of  water;  then,  upon  the  fird  droke  of  the  pump,  which  could  with- 
draw but  a fmall  part  of  the  air  in  the  receiver,  that  in  the  bladder  fud- 
denly  expanding  itfelf,  the  whole  would  immediately  be  impetuoufly  ex- 
truded by  the  water;  tho’  after  fome  reciprocations,  it  floated  in  its  due 
pofition  ; but,  upon  the  return  of  a little  outward  air,  it  would  immedi- 
ately fubfide. 

It  may  be  objedled,  that  the  afcent  of  the  weight  was  not  effeded  by 
the  preffure  of  the  water ; becaufe  rarity  and  levity,  being  fimilar  quali- 
ties, the  great  rarifadlion  of  the  air  might,  proportionably,  increafe  the 
levity  of  it ; and,  confequently,  enable  it  to  perform  much  greater  things 
than  it  could  do  before.  I fliall  anfwer  this  objection  by  the  following 
experiment. 

About  the  neck  of  a conveniently  fhaped  vial,  able  to  hold  a few  ounces 
of  water,  I caufed  to  be  carefully  ty’d  the  neck  of  a fmall  bladder,  whence 
the  air  had  been  well  exprefs’d  ; fo  that  the  bladder,  being  very  limber  of 
itfelf,  and,  probably,  made  more  fo,  as  well  as  more  impervious  to  the 
air  and  water,  by  the  fine  oil  we  had  caus’d  it  to  be  rubb’d  with,  lay  upon 
the  orifice  of  the  vial,  like  a skin  clapp’d  together,  with  many  folds  and 
wrinkles.  This  done,  we  let  down  the  vial  into  a veflel  full  of  water; 
and  the  vial  being  poifed  for  that  purpofe,  funk  perpendicularly  in  the  li- 
quor, till  its  neck  was  partly  above,  and  partly  beneath  the  furface 
©f  the  water:  then  covering  the  external  glafs  with  a large  receiver, 
we  caufed  the  air  to  be  pumped  out  ; and  as  the  preffure  of  that  was 
gradually  withdrawn,  the  air  in  the  floating  vial  expanded  itfelf  into 
the  bladder,  and  unfolded  the  wrinkles  of  it,  till,  at  length,  it  became  full 
blown,  without  altering  the  ereft  poflure  of  the  glafs  it  retted  on.  But 
2 this 
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this  great  expanfion,  being  made  above  the  water,  and,  confequently,  m a Statics. 
medium,  not  heavier  than  the  included  air,  gave  that  highly  rarify’d  air  L/YV 
no  fuch  increale  of  levity,  as  fhew’d  that  it  made  fo  much  as  the  neck  of 
the  glafs  rife  higher  in  the  water  than  it  did  before.  Nor  did  we  obferve, 
that  the  return  of  the  air  into  the  receiver,  by  reducing  the  air  in  the  blad- 
der to  its  former  unrarifyM  (late,  made  the  glafs  fink  deeper  than  before. 

But  when  the  experiment  was  try ’d  with  the  fame  glafs  and  bladder,  at 
the  bottom  of  the  water  \ upon  pumping  out  the  air,  the  bladder,  being 
dilated  under  water,  was,  after  a while,  carried  up  to  the  top,  and  took 
up  with  it  about  eight  or  ten  ounces,  that,  to  clog  it,  had  been  fatten’d  to 
the  bottom  of  the  vial. 

But,  to  examine  whether  a portion  of  air,  by  being  rarify’d,  or  ex- 
panded, acquires  a new  and  proportionable  degree  of  pofitive  levity  j we 
took  a bladder,,  of  a moderate  fize,  which  was  very  fine  and  limber,  that 
it  might  be  the  lighter,  and  more  eafily  diftended.  The  greateft  part  of 
the  air,  being  fqueez’d  out  of  the  bladder,  the  neck  of  it  was  ty’d  up  very 
dole,  that  no  air  might  get  in  or  out  of  it.  This  limber  bladder  was  hung 
at  one  of  the  fcales  of  a balance,  whofe  beam  had  been  purpofely  made 
more  than  ordinarily  fhort,  that  the  inttrument  might  be  fufpended,  and 
continue  capable  of  playing  in  the  cavity  of  a great  receiver,  into  which 
we  convey’d  it ; having  firft  carefully  counterpois’d  the  bladder  with  a 
metalline  weight,  in  the  oppofite  fcale.  This  done,  the  air  was  pumped 
out,  and  as  that  was  withdrawn,  the  bladder  was  gradually  expanded  by 
the  fpring  of  the  internal  air  j till,  at  length,  when  the  receiver  was  well 
exhaufted,  it  appear’d  to  be  quite  full.  Bur,  notwithftanding  this  great 
dilatation  of  the  included  air,  it  did  not  appear,  by  the  depreffion  of  the 
oppofite  fcale,  to  be  grown  manifeftly  lighter  than  it  was  at  firft.  And 
the  bladder  feem’d  alfo  to  retain  the  fame  weight,  after  it  had,  by  the 
air  that  was  let  into  the  receiver,  been  compre fifed  into  its  former  flaccid 
ftate. 

To  determine  whether  a fifh  rifes  or  finks  in  water,  by  contracting  or 
expanding  itfelf » take  a bolt-head,  with  a wide  neck,  almoft  fill  it  with 
water,  and  put  therein  a large  live  fifh  * then  draw  out  the  neck  of  the 
glafs  exceeding  (lender,  and  fill  that  alfo  with  water.  Obferve  the  motion 
of  the  fifti ; and  if,  upon  his  finking,  the  water  at  the  (lender  top  fubfides ; 
we  may  infer,  he  contradtei  and  if,  upon  his  rifing,  the  water  be  raifed, 
we  may  conclude,  he  dilates  himlelf. 

I employ  two  forts  of  experiments,  to  (hew,  that  a fmall  quantity  o $ <rbe  prefure  of 
inclofed  air,  may,  by  it^prefiure,  have  a confiderable  eflfedt  upon  bodies  the  air's  fpring 
underwater,  notwithftanding  the  interpofition  of  that  liquor.  For  this  on  bodies  under 
prefifure  may  be.  manifefted  by  what  it  diredtly  and  pofitively  performs water% 
upon  bodies  cover’d  with  water  ; and  alfo  by  the  phenomena  that  regu- 
larly enfue  upon  the  removal  of  the  inclofed  air,  or  the  weakning  of  its 
fpring. 

We  took  a fquare  glafs  vial,  capable  of  holding  twelve  ounces  of  wa-  Manifefted  fy 
ter  j the  neck  ol  this  we  luted  on  carefully,  and  ftrongly,  over  the  orifice  experiments. 

of 
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Statics,  of  the  fmall  pipe,  at  which  the  air  pafies  in  our  engine,  out  of  the  re- 
cciver  into  the  pump:  then  covering  this  glafs  with  a great  receiver,  we 
luted  it  flrongly  to  the  engine,  and,  at  the  top,  pour’d  in  as  much  water 
as  fufficed  to  furround  the  internal  receiver,  it  I may  fo  call  it,  and  co- 
ver it  to  a pretty  height.  This  done,  we  exadlly  doled,  with  a turn-key, 
the  hole  of  the  great  receiver,  at  which  the  water  had  been  pour’d  in, 
that  no  air  might  pafs  that  way.  And  laftly,  we  began  to  pump  out  the  air 
contain’d  in  the  internal  receiver;  that  the  air,  which,  by  the  above- men- 
tion’d pipe,  had  communication  with  the  external  air,  might  no  longer,  by 
its  preffure,  afiifi  the  glafs  to  refill  the  preffure  which  the  incumbent  and 
inclofed  air,  by  virtue  of  its  fpring,  conflantlv  exercifes  upon  the  fubja- 
cent  water,  and,  by  its  intervention  upon  the  fidesand  bottom  of  the  in- 
ternal receiver.  At  the  firfl  exfudtion,  which  could  not  be  fuppofed  to 
have  well  emptied  the  internal  glafs,  this  veffel  was,  by  the  preffure  of 
the  fuperior  air  upon  the  furrounding  water,  broken  into  numerous  pieces. 
The  fame  experiment,  with  a like  fuccefs,  was  repeated  with  a flronger 
internal  glafs. 

Having  fqueez’d  out  of  a moderately  fized  bladder  the  greatefl  part  of 
its  air,  we  tied  the  neck  of  it  very  clofe ; and  then  faflening  to  it  a compe- 
tent weight,  we  placed  it  at  the  bottom  of  the  tailed  and  larged  glafs  we 
could  cover  with  our  great  receiver  ; that  fo,  tho’  the  incumbent  air  were 
pump’d  out,  none  of  the  water  might  efcape  with  it,  but  dill  retain  the  fame 
height  above  the  bladder.  Having  then  pour’d  upon  the  bladder  as 
much  water  as  would  fwim  high  above  the  upper  part  of  it  ; we  cover’d 
this  glafs  of  water  with  a great  receiver,  which  being  carefully  cemented 
onto  the  engine,  the  pump  was  fet  on  work  ; and  as  the  air  which  by  its 
fpring  prefs’d  upon  the  furface  of  the  included  water,  was  by  degrees 
pumped  out ; fo  the  air  imprifon’d  in  the  bladder,  gradually  expanded 
at  the  bottom  of  the  water,  as  if  no  fuch  liquor  had  interpofed  between 
them,  otherwife  than  by  its  weight  •,  upon  which  account  it  mud  be  al- 
low’d a little  to  hinder  the  cxpanfion  of  the  bladder,  in  proportion  to  the 
height  it  -has  above  it.  Thus  the  immerfed  bladder  was  at  length  full 
blown,  by  the  dilatation  of  the  air  inclofed  in  it;  and,  by  its  intumefcence, 
made  a confiderable  part  of  the  water  run  over  the  fides  of  the  glafs  that 
before  contain’d  it  all.  And  when  accefs  v/as  given  again  to  the  external 
air,  the  internal  being  comprefs’d,  the  bladder  was  prefently  reduced  to 
its  flaccid  date. 

We  took  a fmall  fine  bladder,  whofe  neck  was  drongly  ty’d  up,  when 
it  was  about  half  full  of  air ; this  we  put  into  a fhort  brafs-cylinder,  the 
lower  of  whofe  bafes  was  clos’d  with  a brafs-plate,  and  the  other  left 
open  ; this  open  orifice  we  afterwards  flopp’d,  but  not  exadlly,  with  a cy- 
lindrical plug,  that  was  fomething  lefs  than  it,  and  was,  by  a rim  at  the 
top,  hinder’d  from  reaching  too  deep  into  the  cavity  of  the  cylinder,  that 
it  might  not  damage  the  bladder  which  lay  beneath  it : upon  the  plug  we 
placed  a conical  weight  of  lead  ; and  this  pile  of  feveral  things,  being  fo 
placed  upon  our  engine,  that  we  could  cover  it  with  a great  receiver, we  care- 
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fully  cemented  on,  fuchavefiel,  and  at  the  top  of  it  pour’d  info  much  water  Statics. 

as  would  ferve  to  fill  the  vacant  part  of  the  brafs-cylinder,  and  the  cavity  L/W 

of  the  engine  to  fuch  a height,  that  it  covered  all  the  leaden  weight,  which 

was  feveral  inches  high,  except  a rim  fattened  to  the  top  of  it,  for  the  con- 

veniency  of  removing  it.  This  being  done,  the  pump  was  work’d  ; and, 

long  before  we  had  exhaufted  the  air  of  the  receiver,  that  which  was  in- 

clofed  in  the  lank  bladder  had,  by  degrees,  difplay’d  fo  vigorous  a fpring 

that  it  raifed  up  the  weight,  which  lay  upon  it,  to  a confiderable  height, 

and  kept  it  there,  till  the  air  was  let  in  from  without,  to  afiift  its  depref- 

iure  by  the  lead,  which  amounted  to  no  lefs  than  about  twenty-eight 

pounds. 

We  took  a cylindrical  copper-  vefiel,  of  a confiderable  height  * into  this, 
being  firft  almoft  fill’d  with  water,  we  put  a fquare  glafs-vial,  capable  of 
containing  nine  or  ten  ounces  of  water,  and  exa&ly  (topp’d  with  a cork, 
and  a clofe  cement,  this  vial,  by  a competent  weight,  was  detained  at 
the  bottom  of  the  water,  from  whofe  upper  furface  it  was  confiderably 
diftant;  then  the  copper- veflel,  being  placed  upon  the  engine,  and  inclu- 
ded in  a great  receiver,  well  cemented  on  ; the  air  was,  by  degrees,  pumped 
out:  but,  before  it  was  quite  exhaufted,  the  glafs,  at  the  bottom  of  the 
water,  was,  by  the  fpring  of  the  air  included  in  it,  burft  into  many 
pieces,  not  without  great  noife,  and  a kind  of  fmoke,  or  mift,  that  ap- 
peared above  the  furface  of  the  water : and  another  glafs,  of  the  fame 
fort,  was  broke,  after  the  fame  manner,  in  another  veflel 

Now,  the  confequence  that  naturally  refults  from  the  three  laft  experi- 
ments, is,  that  fince  barely  upon  withdrawing  the  pre(Ture  of  the  included 
air,  the  air  refiding  in  the  immerfed  bodies,  did,  by  virtue  of  its  fpring, 
expand  itfelf  fo  forcibly,  and  perform  fuch  confiderable  things ; the  air 
above  the  water  mult  have  exercifed  a very  ftrong  preflure  upon  the  fur- 
face of  it;  for,  it  muft  have  been,  at  lead,  equivalent  to  that  force  of 
the  immerfed  air,  the  exercife  whereof  it  was  able  totally  to  hinder. 

And,  from  hence,,  it  may  be  eafily  deduced,  that  the  weight  of  the  at- 
mofphere  a£ts  upon  bodies  under  waterj  tho’ the  interpofed  liquor  is  vaftly 
heavier,  infpecie , than  in  air:  for,  we  have  juft  now  proved  the  preflure  of 
inclofedair,  which  confifts  in  its  fpring  upon  bodies  under  water.  And, 

’tis  manifeft,  that  the  ftrength  of  the  fpring  of  this  lower  air,  we  make  our 
trials  with,  is  caufed  by  the  weight  of  the  upper,  which  bends  and  com 
prefifes  thofe  little  fpringy  particles  whereof  our  air  confifts;  fo.  that  the 
weight  of  the  atmofphere,  being  equivalent  to  the  fpring  of  the  lower  air, 
muft  prefs  upon  the  furface  of  the  fubjacent  water,  with  a force  equal  to 
the  fpring  of  that  part  of  it  which  is  contiguous  to  the  water. 

It  has  proved  a great  impediment  to  the  reception  of  the  do£lrine  of  the  Ylaidi  prefs 
weight  and  prefture  of  the  atmofphere,  that,  if  it  could,  really*  exercife  a different 
fo  great  a force  as  we  aferibe  thereto,  it  would,  unavoidably,  opprefs  all  manner fr on 
the  bodies  expofed  to  it:  fo  that  neither  men,  nor  other  animals,  would^^* 
be  able  to  move  under  fo  great  a load,  or  withftand  its  force. 


This, 
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This  I grant  to  be  a plaufible  objection,  but  the  force  of  it  will  be  taken 
away  by  the  following  confiderations  put  together. 

Whence  the  ^ n ^ t^ie  Power  of  preffing,  that  we  afcribe  to  the  air,  is  not  a 

weight  \f  the  thing  deduced  from  doubtful  fuppofition.s,  or  bare  hypothefes,  but  from 
atmofphere  is  real  and  fenfible  experiments.  And  therefore,  fince  we  have  clear  and 
7o\h7iodies“fP°^tlve  Pro°^  °f  the  ptefllire  of  the  air;  tho’  we  could  not  explain  how 
animals.  5 °J  nien  an<^  other  animals  are  not  deftroyed  by  it ; yet  we  ought  rather  to  ac- 
knowledge our  ignorance  in  a doubtful  problem,  than  deny  what  expe- 
rience manifefts  to  be  true.  Thus  the  attractive  virtue,  and  other  powers 
of  the  loadftone,  are  freely  acknowledg’d,  even  by  thofewho  confefs  themr 
felves  unable  to  explain  them;  tho’,  if  experience  did  not  fatisfy  us  of 
them,  they  were  liable  to  many  more  confiderable  objections,  than  any 
urg’d  againft  the  preffure  of  the  air. 

But  thofe  who  make  this  objection  againft  the  great  preffure  of  air, 
feem  not  aware,  that  we  were  conceiv’d,  and  born  in  places  expofed  to 
the  preffure  of  the  atmofphere : and,  therefore,  how  great  foever  that  pref- 
fure appears  to  be,  it  ought  not  to  crufh  us  now:  fince,  when  we  were 
but  embryos,  or  newly  born,  we  were  able  to  refift  it ; and  not  only  live, 
but  grow  to  all  dimensions,  in  fpite  ofit. 

If  there  were  any  place  about  the  moon,  or  other  celeftial  globes,  which 
fome  fuppofe  to  be  inhabited,  that  had  no  atmofphere,  or  equivalent  fluid, 
about  it,  and  where  men,  yet,  could  be  generated  a-new  ; and  one  of  thefe 
men  fhould  be  tranfported  thence,  and  fet  down  upon  our  earth,  there 
might  be  made  an  experiment  proper  to  decide  our  controverfy.  In  the 
mean  time,  I doubt,  fince  nature  is  not  obferved  to  make  things  fuper- 
fluoufly  ftrong,  fuch  a human  body,  not  being  defign’d  to  refift  any  weight 
or  preffure  of  air,  would  be  of  fo  tender  and  compreffible  a make,  that  it 
would  eafily  becrufh’d  inwards,  by  our  atmofpherical  preffure.  And  tho* 
we  cannot  give  aninftance  of  this  kind,  yet  we  make  trials  fomewhat  like 
it,  in  our  pneumatical  engine.  For  when  we  place  water  in  our  receiver, 
and  pump  out  the  air  that  was  above  it,  there  w-HFbe  generated  a multi- 
tude of  bubbles;  fome  of  which,  when  the  air  is  carefully  withdrawn, 
fwell  to  a ftrange  and  fcarce  credible  bulk.  Thefe  bubbles  being  generated 
where  the  air  cannot  prefs  upon  them,  fuchdimenfionsare  fo  natural  to  them, 
that  if  the  receiver  be  ftanch,  and  no  other  unfriendly  accidents  intervene, 
they  would  probably  be  durable;  fince  I have  known  the  fpring  of  highly- 
dilated  air  continue  for  many  months:  and  a bladder  would,  for  no  lefs 
time,  continue  blown  and  filled,  in  our  vacuum,  by  a little  air  left  in  it, 
when  the  external  was  withdrawn  from  it.  Yet  the  large  bubbles,  when 
once  the  ontward  air  is  fuffer’d  to  come  in  upon  them,  are  thereby  fo  vio- 
lently comprefs’d,  that  in  a trice  they  fhrink  into  dimenfions  too  fmall  to 
keep  them  vifible.  And  if  I could  have  fucceeded  in  my  attempt  of  pro- 
ducing living  bodies  in  our  vacuum,  I fuppofe  the  fuccefs  would  have  con- 
firm’d ourdodlrine. 

You  will  tell  me,  that  fo  great  a weight  and  preffure,  as  I affign  to  the 
atmofphere,  muft  needs  make  a man  feel  pain  and  if  not  diflocate  fome 
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of  the  parts,  at  leaft  prefsthe  whole  body  inward.  But,  i.  being  ac-  Statics. 
cuftom’d  to  this  preflure  from  our  very  birth,  and  even  before  it,  we  are  L/*V>w/ 
hinder’d  from  taking  notice  of  it ; thofe  prefiures  only  being  fenfible  to  us, 
that  are  made  fo  by  fome  additional  caufe,  which,  by  making  a new  im- 
preflion,  excites  us  to  obferve  it.  Thus  we  are  not  fenfible  of  the  weight 
X>f  the  clothes  we  wear  ; and  fo  a healthy  man  is  not  fenfible  of  the  heat  in 
his  heart,  becaufe  *tis  conftant  there,  and  the  fentient  parts  of  the  heart 
have  been  ufed  to  it,  tho’  that  heat  has  been  often  very  confiderable  *,  but 
when,  in  live  diffe<5tions,  a man  puts  his  finger  into  the  heart  of  an  ani- 
mal, which  probably  has  a fainter,  or  at  leaft  no  ftronger  degree  of  heat, 
than  a human  heart,  he  will  feel  in  his  fingers,  accuftom’d  to  the  air,  a 
manifeft  degree  of  heat.  2.  It  has  been  proved,  that  a cubic  inch  of  air, 
for  inftance,  has  a fpring  fufficient  to  refift  the  weight  of  the  whole  atmo- 
fphere,  as  far  as  it  is  expofed  thereto  ; otherwife  it  would  be  more  com- 
prefs’d  than  in  fa<5t  it  is.  3.  A very  little  portion  of  air,  tho’  it  much 
looner  lofes  its  fpring  by  expanfion  than  a greater,  yet  will  refift  further 
comprefiion,  as  much  as  a greater.  4.  The  pores  of  the  parts  of  animals, 
whether  fluid  orconfiftent,  as  in  their  blood,  gall,  urine,  heart,  liver,  &c . 
there  are  included  a multitude  of  aerial  corpufcles;  as  appears  from  the 
numerous  bubbles  afforded  by  fuch  liquors,  and  the  fwelling  or  expanfion 
of  the  confiftent  parts  in  our  exhaufted  receiver.  5.  To  this  we  may  add, 
that  befides  the  bones,  whofe  folidity  is  not  queftion’d,  a much  greater 
part  of  the  human  body  than  is  ufually  imagined,  really  confifts  of  mem- 
branes and  fibres,  and  the  coalitions  and  contextures  of  them  *,  and  that 
thefe  fubftances  are,  by  the  moft  wife  author  of  things,  made  of  a much 
clofer  and  ftronger  texture,  than  thofe,  who  have  not  try’d,  will  be  apt  to 
think.  Laftly,  there  is  a far  greater  difference  than  men  commonly  fuf- 
pecft,  between  the  effedls  of  the  preffures  made  upon  bodies  by  folid 
weights,  and  thofe  they  fuffer  from  furrounding  fluids. 

Hence  ’tis  not  neceffary  that  the  preflure  of  the  atmofphere,  tho’  as 
great  as  we  fuppofe  it,  fhould  opprefs  and  crufli  the  bodies  of  men,  who 
live  under  it ; for  the  folidity  of  bones,  and  the  ftrong  texture  of  the 
membranes  and  fibres, with  the  fpring  of  the  aerial  particles,  (which  abound 
in  the  fofter  as  well  as  in  the  fluid  parts  of  bodies)  that  is  equivalent  to  the 
preflure  of  as  much  of  the  atmofphere,  as  can  exercife  its  preflure  a- 
gainft  them  *,  make  the  frame  of  a human  body  fo  firm,  that  it  may  well 
refift  the  preflure  of  the  outward  air,  without  having  any  part  violently 
diflocated ; whilft  this  external  preflure  is  exercifed  only  by  the  air,  which 
being  but  a furrounding  fluid,  prefles  equally  on  every  fide.  And  be- 
caufe our  bodies  have  been  produced  in  the  atmofphere,  and  from  our  very 
birth  expofed,  without  intermifllon,  to  the  preflure  of  it  *,  our  having  been 
continually  accuftom’d  to  this  preflure,  and  the  firm  nefs  of  our  ftru&ure, 
keep  us  from  being  fenfible  of  the  weight  or  preflure. 

Multitudes  of  men  have  had  occafion  to  pafs  over  high  mountains, 
and  I myfelf  have  been  upon  the  Alps  and  Apennines  *,  yet  I never  met 
with,  nor  heard  of  any  one,  who  took  notice  of  the  difference,  as 
Vol.IL  B b b to 
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to  the  weight  of  air  fuftain’d  *,  or  who  complain’d,  that,  when  come  down 
to  the  foot  of  the  mountain,  they  felt  any  greater  compreflure  from  the- 
air,  than  at  the  top.  Yet  numerous  experiments  witnefs,  that  on  more  ele- 
vated pares  of  the  earth,  which  have  a lefs  height  of  the  atmofphere  in- 
cumbent on  them  ; the  weight  and  preflure  of  the  air  is  not  fo  great  as  be- 
low. And,  on  very  high  mountains,  ’tis  not  unlikely  that  this  difference 
may  be  very  confiderable  *,  fince,  when  the  \ Torricellian  experiment  was 
made  near  Clermont  in  France , upon  the  Puy  de  Dommey  which  is  none  of 
the  higheft  mountains  in  the  world,  they  found  the  difference  of  the  mer- 
cury at  the  top  and  bottom,  to  amount  to  about  three  inches  ; and,  con-  _ 
fequently,  if  the  trial  had  been  made  with  water  inftead  of  quick-filver, 
the  difference  would  have  been  about  three  feet  and  a half,  perpendicular 
height.  And  on  much  higher  mountains,  the  difference  of  the  height 
of  the  mercurial  cylinder  at  the  top  and  bottom,  would  be  much  greater. 
But,  at  the  bottom  of  fome  very  deep  well,  or  mineral  groove,  which  may, 
without  improbability,  be  fuppofed  placed  at,  or  near  the  foot  of  one  of 
thefe  mountains  *,  if  we  conceive  the  barometer  to  be  let  down,  the  va- 
riation would  be  much  more  confiderable  ; yet  we  find  not  that  the  diggers 
in  the  deepeft  mines,  of  mountainous  countries,  are  fenfible  of  being  de- 
prefled,  or  compreffed,  by  any  unufual  weight.  But,  to  build  only  on 
matter  of  fadl  *,  it  appears  by  the  preceding  obfervations,  that  when  a man 
was  at  the  bottom  of  the  hill,  he  had  an  additional  weight  of  air  preffing 
upon  his  head,  above  what  he  fuftain’d  at  the  top,  equal  to  the  height  of  an 
imaginary  veffel  of  water,  having  his  head  for  its  bafis,  and  three  feet  and 
a half  high  ; which  is  fo  confiderable  a weight,  as  could  not  but  have  been, 
ofitfclf,  very  unealy  to  fupport.  And  the  fame  muftbe,  proportionablys 
applied  to  the  other  parts  of  his  body.  Whence,  we  may  infer,  that  fuch 
a weight  was  not  felt  by  the  man  it  comprefled,  becaufe  the  preflure  was 
exercifed  after  the  uniform  manner  of  fluid  bodies. 

And  this  may  fufftce  to  (hew,  that  there  is  no  neceflity  the  compreflure 
of  the  atmofphere  fhould  make  it  impoflible  to  live  in  it.  But,  to  clear 
this  matter  ftill  farther,  we  made  the  following  experiments. 

Into  a fhort  hollow  cylinder  of  brafs,  we  put  a fine  bladder,  ty’d  fo 
clofe  at  the  neck,  that  none  of  the  air,  whereof  it  was  about  half  full, 
would  probably  get  out.  This  we  did,  to  the  end  that  the  hen’s  egg 
we  were  to  bed  in  it,  might  lie  foft,  and  have  itsfides  almoft  cover’d  with 
the  limber  flaccid  bladder,  and  contained  air  i then  we  cover’d  the  re- 
maining part  of  the  egg  with  another  bladder,  that  nothing  hard  might 
come  to  bear  immediately  upon  the  fhell  \ when  putting  a wooden  plug 
into  the  cylinder,  and  a weight  upon  the  plug,  tho’  flowly  and  warily, 
left  the  quick  defeent  of  the  weight  fhould  make  the  plug  break  the  egg  *, 
we,  in  the  laft  place,  cover’d  the  cylinder  with  a large  receiver,  and  the 
air  being  drawn  out,  that  air  which  was  ty’d  up  in  the  bladder,  by  de- 
grees, expanded  itfelf  fo  ftrongly,  as  to  lift  up  the  plug  and  the  incum- 
bent weight,  to  a confiderable  height,  and  keep  it  there,  till  the  external 
air  was  re-admitted. 
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Now  fince  the  air  in  fuch  cafes  expands  itfelf  vigoroufly  every  way,  it  St  a tics. 
muft  prefsagainft  the  egg  with  the  fame  force  that  it  did,  proportionally,  L/W 
againft  the  bottom  of  the  plug;  and  that  force  was  more  than  fufficient  to 
lift  up  the  weight,  which,  together  with  the  plug,  amounted  to  about 
thirty  pounds:  yet  the  egg  being  taken  out,  appear’d  perfedly  whole, 
and  no  way  harmed.  But  the  fame  egg  was  afterwards  crufh’d  to  pieces, 
by  laying  warily  fmall  weights  one  after  another  upon  it,  till  they  amount- 
ed to  about  four  pound  weight. 

We  took  a glafs  bubble,  about  an  inch  and  a half  in  diameter,  blown 
at  the  flame  of  a lamp,  that  it  might  be  far  more  eafy  to  break  than  the 
thinneft  vial ; this  bubble  we  included  between  bladders,  as  we  did  the 
egg  in  the  former  experiment ; and  then  having  warily  put  the  plug  into 
the  cylinder,  fo  as  to  prefs  upon  the  bladder  that  furrounded  the  glafs, 
we  leifurely  put  the  weights  upon  the  plug,  till  they,  together  with  it, 
amounted  to  thirty  pounds,  or  more;  which  being  removed,  the  plug 
was  removed  ; and  the  glafs-bubble,  tho’  it  were  perhaps  as  thin  as  fine 
white  paper  was  taken  out  whole. 

But,  left  the  great  refiftance  of  fo  thin  a glafs,  which  yet  was  not  herme- 
tically feal’d,  Ihould  be  aferib’d  to  its  fpherical  figure;  we  employ’d,  in- 
ftead  of  it,  the  ftiell  of  an  egg,  whence,  by  a hole  made  at  one  end,  the 
yolk  and  white  had  been  taken  out.  This  empty  and  imperfectly  clofed 
fhelJ,  we  treated  as  the  glafs-bubble,  in  the  laft  experiment ; and,  not- 
withftanding  the  great  leaden-weight  that  refted  upon  the  plug,  it  efcaped 
without  the  leaft  crack. 

And,  to  (hew  that  what  we  obferv’d  about  the  nature  of  the  compref* 
fure  of  fluid  bodies,  will  hold  as  well  in  water  as  air ; we  put  an  hen’s 
egg  into  a limber  bladder,  almoft  full  of  water  ; and  tying  the  neck  very 
ftrait,  that  nothing  might  get  in  or  out,  we  fo  placed  the  bladder  in  the 
brafs- cylinder,  that  the  egg  might  not  be  immediately  touch’d  by  any 
thing  that  was  hard  ; then  putting  the  plug  into  the  cylinder,  we  warily 
and  leifurely  heaped  upon  it  convenient  weights  of  lead,  till  they  amount- 
ed to  about  feventy-five  pounds:  notwithftanding  all  which,  the  egg  was 
taken  out  found  and  uncrack’d ; and  probably  might  have  fupported  a 
much  greater  preflure. 

Nor  were  eggs  the  only  bodies  we  endeavour’d  to  crufh  after  this  man- 
ner : the  trial  having  been  alfo  made  upon  a piece  of  butter,  of  a very  ir- 
regular ihape,  it  came  out  unalter’d. 
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EITay  - Inftru  ment, 

Wherewith  to  examine  if  C 0 I N be  adulterate 
or  counterfeit. 


HAving  formerly  ufed  a little  indrument,  confiding  of  a glafs- 
bubble,  with  a long  (lender  Item,  to  compare  the  fpecific  gra- 
vities of  feveral  fluids,  by  its  degrees  of  linking  in  them  ; and 
coming  to  confider  its  ufes  more  attentively,  I found  it  alfo  proper  to  dif- 
cover  the  fpecific  gravities  of  feveral  folids  ; for  every  folid  heavier  than 
water,  lofes  in  water  as  much  of  the  weight  it  had  in  air,  as  a bulk  of 
water  equal  to  the  immerfed  folid  would  weigh  in  the  air  •,  and  confequent- 
ly,  as  gold  is  by  far  the  mod  ponderous  of  metals,  a piece  of  it,  and  one 
of  equal  weight  of  any  other  metal  being  produc’d,  the  gold  mud  be  the 
lead  in  bulk  •,  if  both  of  them  therefore  be  weigh’d  in  water,  the  gold 
mud  lofe  lefs  of  its  former  weight  than  the  other  metal,  becaufe  both 
grow  lighter  herein  by  the  weight  of  a bulk  of  water  equal  to  each  re- 
fpe&ively  •,  hence  I concluded  that  my  floating  indrument  would  be 
made  to  fink  deeper  by  an  ounce,  for  indance,  of  gold  hanging  at  it 
under  water,  than  by  an  ounce  of  brafs. 

This  indrument  may  be  made  of  glafs,  copper,  filver,  or  almod  any 
other  folid  body  that  is  fit  to  float  on  water  with  a piece  of  coin  hang- 
ing at  it,  and  of  a texture  clofe  enough  to  keep  out  the  water  ; it  confids 
of  three  parts,  the  ball,  the  dem,  and  the  place  for  the  coin  ; the  ball 
BCDE,  if  of  metal,  confids  of  two  thin  concave  plates  folder’d  toge- 
ther in  the  middle  •,  and  at  the  mod  didant  parts  from  the  juncture  there 
ought  to  be  left  two  oppofire  holes,  one  in  each  plate,  for  the  two  other 
parts  of  the  indrument ; the  ball  fhould  not  be  exadtly  round,  but  of 
any  fit  fliape,  to  keep  the  indrument  ered  and  deddy  in  the  water  ; and 
it  mud  contain  air  enough  to  prevent  the  whole  indrument,  when  loaded, 
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from  finking  below  the  top  of  the  ftem ; the  ftem  A B muft  be  folder’d  Statics. 

on  to  the  ball,  at  the  upper  hole  thereof  •,  it  may  be  either  hollow  or  fo- 

lid,  but  it  ought  to  be  made  very  (lender,  and  confiderably  long  ; in  the 

lower  hole  of  the  ball  is  folder’d  the  undermoft  part  of  the  inftrument, 

which  I call  the  (lirrup  G *,  the  fcrew  F is  a very  (hort  piece  of  brafs,  Fig.  2$. 

with  a broad  (lit  in  it,  capable  of  receiving  the  edge  of  the  coin,  which 

with  a turn  or  two  of  a (light  fmall  fide-fcrew  may  be  kept  fad  in  •,  the 

ftirrup  G is  made  of  wyre,  which  a little  below  the  bottom  of  the  ball  is 

bent  round,  fo  as  to  (land  horizontally,  that  the  coin  may  be  laid  upon 

it  *,  ic  would  be  convenient  to  have  the  under  ftem  and  fcrew  made  fepa- 

rate,  that  the  ball  of  the  inftrument  being  fufficiently  large,  there  may  be 

room  for  two  or  three  flat  round  pieces  of  metal  K,  with  each  of  them  a FiS-  29- 

hole  in  the  middle,  fitted  to  the  fize  of  the  ftem,  to  ferve  as  balaft,,  being 

plac’d  near  the  lower  part  of  the  ball,  when  the  fcrew  may  be  thruft  on  to 

fupport  them. 

To  adjuft  this  inftrument  for  the  examination  of  a guinea,  you  muft,  Applied  to  the 
by  the  help  of  the  ftirrup  or  fcrew,  hang  a guinea,  known  to  be  genuine,  examination 
at  the  bottom  of  it,  and  having  ftopt  the  orifice  of  the  ftem,  if  hollow,  °f coin * 
that  no  water  may  get  in,  immerfe  the  inftrument  gently  and  perpendicu- 
larly in  a veftel  of  fair  water  almoft  to  the  top  of  the  ftem  ; then  letting  it 
alone,  if,  being  fettled,  it  continues  in  the  fame  ftation  and  pofture,  the 
work  is  done  ; if  it  emerge,  add  a little  weight  to  it,  either  at  the  bottom 
or  the  top,  that  the  guinea  may  deprefs  it  as  low  as  is  required  ; but  if  it 
fink  quite  under  the  water,  lighten  it,  by  filing  off  from  the  balaft-plates 
above-mention’d,  or  otherwife  ; then  fet  a mark  H where  the  furface  of  Fig.  27*. 
the  water  touches  the  ftem,  and  taking  out  the  inftrument,  fubftitute  in 
the  place  of  the  guinea  a little  round  plate  of  brafs,  of  the  fame  weight,  or 
a grain  or  two  heavier,  in  the  air  ; and  putting  the  inftrument  into  water, 
as  before,  let  it  fettle,  and  make  another  mark  I at  the  interfe&ion  of  the 
ftem,  and  the  horizontal  furface  of  the  water. 

But  there  may  happen  a cafe  wherein  the  praftical  application  of  our 
inftrument  will  be  unfecure  *,  for  if  a falfifier  of  money  have  the  (kill,  by 
walking  or  otherwife,  to  take  off  much  of  the  fubftance  of  the  coin,  with- 
out altering  or  impairing  either  the  figure  or  the  (lamp,  the  coin  will  not 
deprefs  the  inftrument  to  the  ufual  mark,  whence  the  guinea  may  be  judg’d 
counterfeit,  tho’  it  be  only  too  light,  however  it  prefently  (hews  that  the 
propofed  guinea  is  abus’d  ; and  if  the  want  of  weight  appear  by  the  inftru- 
ment to  be  very  great,  it  is  a ftrong  prefumption  that  it  is  rather  waffl’d 
than  counterfeit;  but  the  balance  will  prefently  refolve  the  doubt,  for  if 
the  fufpe&ed  coin  has  its  due  weight  in  the  air,  the  great  lightnefs  of  it  in 
water  feems  to  proceed  from  its  not  being  of  the  requifite  finenefs  ; and  if 
it  want  much  of  its  due  weight  in  the  air,  it  is  probably  waffl’d,  &c.  ra 
ther  than  adulterated. 

It  may  be  very  convenient  for  thofe  who  have  frequent  occafions  to  ex* 
amine  various  forts  of  coin,  to  have  a different  inftrument  adjufted  to  each  ; 
but  if  the  ball  be  made  large,  and  with  a ftem  long  and  (lender  enough,  we 
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may  Toon,  by  changing  the  balaft-plates  occafionally,  fit  the  fame  inftru- 
ment  to  examine  coins  of  different  metals  and  weights  thus  one  of  thefe 
made  of  copper  ferves  me  for  guineas,  crown-pieces,  and  half-crowns,  and 
may  eafily  be  made  to  ferve  for  feveral  foreign  coins. 

After  the  fame  manner  may  pewter  be  compar’d  and  examin’d  •,  for  ha- 
ving once  obferv’d  how  far  the  inftrument  is  funk,  by  a determinate 
weight  of  it,  which  is  known  to  be  good  in  its  kind,  and  to  contain  its 
due  proportion  of  lead  and  tin,  if  you  load  the  inffrument  with  an  equal 
weight  of  any  other  mafs  of  pewter,  and  it  fink  deeper,  the  proportion 
of  lead  very  probably  exceeds  in  the  mixture  •,  tho*  ’tis  poflible  to  debafe 
pewter  with  mineral  fubftances,  whofe  fpecific  gravities  are  not  well 
known  *,  but  to  do  it  with  lead  feems  to  be  the  molt  gainful  way. 

This  inftrument  may  alfo  afiift  us  to  make  a near  eftimate  of  the  fine- 
nefs  of  gold,  and  its  different  alloys  with  filver,  or  other  determinate 
metals  *,  for  being  fitted  to  fink  to  the  top  of  the  pipe  with  a certain 
weight  of  the  pureft  gold,  as  fuppofe  an  ounce,  make  a mixture  con- 
taining a known  proportion  of  the  metal  wherewith  you  alloy  the  gold, 
fuppofe  of  19  or  15  parts  of  gold,  and  one  of  filver,  and  letting  the  in- 
ftrument fettle  in  the  water,  mark  the  place  where  the  furface  of  the  fluid 
cuts  the  ftem  *,  then  putting  in  another  mixture,  wherein  the  filver  bears 
a greater  proportion  to  the  gold,  as,  fuppofe  the  former  be  an  18th 
or  a 14th  part  of  the  latter,  you  may  obferve  how  much  lefs  than 
before  this  depreffes  the  inftrument ; and  fo  proceed  to  as  many  degrees 
of  alloy  as  can  be  diftinguifli’d  on  the  ftem  *,  always  obferving  that  the 
weight  of  each  mafs  in  the  air  be  exaftly  the  fame  with  that  of  the  pure 
gold,  which  we  fuppofe  an  ounce. 

By  the  fame  method  may  be  examin’d  the  different  alloys  of  pure  filver 
with  copper,  or  other  metal  fpecifically  lighter  than  filver  j and  with  a 
flight  variation  it  will  not  be  difficult  to  eftimate  in  what  degree  feveral 
coins,  whether  filver  or  gold,  are  debafed  by  the  known  ignobler  metal 
mix’d  in  the  piece  proposed,  and  this  with  greater  exa&nefs  than  by  the 
touchftone,  or  much  more  troublefome  and  chargeable  methods  j and 
-the  fame  is  applicable  to  other  mixtures  of  metals. 
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SECT.  L 

HAVING  had  occafion,  amongft  other  things  relating  to  the  Various  bodies 
air,  to  confider  its  moifture  and  drynefs,  I eafily  dilcer n’d,propofed,todif- 
they  had  no  fmall  influence  upon  feveral  bodies;  and,  among 
the  reft,  upon  thole  of  men;  as  the  air  vve  breathe,  jiire  of  tbeair*. 

pafies  from  one  of  thefe  fluid  qualities  to»  the  other  ; or  from  one  degree  to 
another,  in  the  fame  quality. 

I therefore  immediately  confider’d  of  a proper  way  to  difeover  the 
changes  of  the  air,  as  to  moifture  and  drynefs  ; with  their  feveral  degrees. 

For  this  purpofe  it  feem’d,  tome,  that  if  a ftatical  hygrofcope  could 
be  contrived,  it  would  be  very  convenient ; and  fit  both  to  determine  the 
degrees  of  the  moifture  or  drynefs  of  the  air  ; and  to  tranfmit  the  obfer- 
vations  made  of  them  to  others.  And  confidering  further,  that  among 
bodies,  otherwife  well  qualified  for  fuch  a purpofe,  that  was  likelieft  to 
give  the  moft  fenfible  informations  of  the  changes  of  the  air,  which  in  re- 
fpect  of  its  bulk  had  the  largeft  furface  expofed  thereto;  I pitch’d  upon 
a fine  fpunge,  as  a thing  which  is  portable,  not  eafily  diflipated,  but  by 
its  readinefs  to  imbibe  water,  feem’d  likely  to  attradl  the  aqueous  particles 
it  might  meet  within  the  air,  and  which,  by  its  great  porofity,  has  much 
more  of  fuperficies,  with  regard  to  its  bulk,  than  any  body  not  otherwife 
lefs  fit  for  the  purpofe. 

But  1 here  propofe  not  the  belt  hygrofcope  that  might  be  contriv’d, 
only  one  that  is  Ample,  cheap,  contain’d  and  fet  up  in  a little  room,  eafy 
to  be  made  and  tranfported,  ftatical,  commodious,  and  applicable  to  var 
rious  ufes. 

In  confidering  what  bodies  were  the  fitted:  to  be  employ’d  for  ftatical 
hygrofcopes,  I made  trial  of  more  than  one,  that  feem’d  not  theleaft  pror 
mifing.  I know  that  common  or  fea-falt  will  greatly  relent  in  moift  air  ; 
and  fait  of  tartar  much  more : but  then  thefe  falls  will  not  eafily  part 
with  the  aqueous  corpufcles  they  have  once  imbibed;  and  are,  in  other 
refpects,  lefs  convenient  than  a fpunge.  I made  tryal  alfo  with  lute- 
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firings,  chofen  very  Sender,  that  they  might  have  the  greater  Surface,  in 
refpedt  of  their  bulk  ; and  thofe  I found  very  well  to  imbibe  the  moi- 
fture  of  the  air;  but  afterwards  they  did  not  anfwer  my  expectation. 
I alfo  caufed  a cup  to  be  turned  out  of  light  wood,  which,  that  it  might 
lefs  burden  a tender  balance,  had,  inltead  of  a foot,  a little  button, 
whereto  a hair  might  be  tied  to  fufpend  it ; and  this  cup  being  exceeding 
thin  that  it  might  have  much  furface  expofed  to  the  air,  proved  fo  good 
a hygrofcope  that  I made  feveral  obfervations  with  it  for  a confiderable 
time.  It  agreed  alfo  with  many  trials  made  on  other  occafions,  that 
white  Iheeps  leather,  fuch  as  is  ufed  for  plaifters,  would  be  very  convenient 
for  my  purpofe.  And  indeed  I found,  by  feveral  obfervations,  that  if 
this  leather  were  a fubftance  as  little  liable  to  corruption  as  a fpunge,  it 
would  be  a fitter  matter,  than  any  other  I had  employ’d,  for  hygro- 
fcopes. 

But  upon  the  whole,  I found  no  body  fo  convenient  for  my  purpofe,  as 
a fpunge  •,  to  try  the  porofity  whereof,  we  weigh’d  out  a dram  of  the 
fine  fort  •,  and  having  fuffer’d  it  to  foak  up  what  water  it  could,  we 
held  it  in  the  air,  till  it  dropp’d  fo  very  (lowly,  that  we  counted  a 
hundred  between  the  falling  of  two  fucceeding  drops  •,  then  putting  it  into 
the  balance  wherein  it  had  been  weigh’d  before,  we  found,  that  as  its  di- 
menfions  were  increafed  to  the  eye,  fo  its  weight  increafed  upon  the  fcale  ; 
amounting  now  to  above  two  ounces  and  two  drams*,  fo  that  one  dram  of 
fpunge,  tho’  it  feem’d  not  altogether  fo  fine  as  the  portion  we  had  chofen 
for  our  hygrofcope,  imbibed  and  retained  feventeen  times  its  weight  of 
water. 

Now  a fpunge  is  eafily  turn’d  into  a hygrofcope;  for  having  weigh’d 
it  when  the  air  is  of  a moderate  temperature,  it  only  requires  to  be  put 
into  the  fcale  of  a good  balance,  fufpended  on  a fix’d  and  liable  fupporter. 
For  the  fpunge  being  carefully  counterpoifed  at  firfl  with  a metalline 
weight,  which  alters  not,  fenfibly,  with  the  changes  of  the  air,  it  will,  by 
its  rifing  or  falling,  fhew  how  much  the  neighbouring  air  is  grown  dryer 
or  moifier  in  the  place  where  the  inflrument  is  kept.  The  weight  of  the 
fpunge  may  be  greater  or  lefs,  according  to  the  fize  and  goodnefs  of  the 
balance,  and  the  accuracy  required  in  the  difcovery.  For  my  part,  tho’ 
I have  with  very  tender  fcales  long  employ’d  but  half  a dram  of  fpunge, 
I found  it  anfwer  my  expectation : and  tho’,  when  I ufed  a bulk  feveral 
times  as  great,  in  a flronger,  but  proportionably  lefs  accurate  balance, 
I had  ill  fuccefs  ; yet  after  trials  with  different  quantities  of  it,  I preferr’d 
that  of  a dram;  as  not  being  fo  heavy  as  to  overload  the  finer  fort  of 
goldfmith’s  fcales,  and  yet  fufficient  to  difcover  changes  confiderably  mi- 
nute ; turning,  difcernably,  whh  a fixteenth  or  twentieth  part,  and,  ma- 
nifeflly,  with  half  a quarter  of  a grain. 

With  fuch  hygrofcopes  as  thefe  (wherein  the  balance  ought  to  be  flill 
kept  fufpended  and  charged ) I made  feveral  trials , fometimes  in  the 
fpring,  fometimes  in  the  autumn,  and  fometimes  alfo  in  the  fummer 
and  winter.  Having  once  kept  a dram  of  fpunge  fufpended,  during  a 
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whole  fpring,  and  a great  part  of  the  preceding  winter,  and  fubequent  Statics: 
fummer,  I was  well  rewarded  by  the  obfervations  it  afforded  me. 

Now  the  ufe  of  a hygrofcope  is  either  general,  or  particular. 

The  general  ufe  is,  to  effimate  the  changes  of  the  air,  as  to  moiftu  ufe  of  ky- 
anddrynefs,  by  fuch  ways  of  meafuring  them,  as  are  eafy  to  be  known,  gr  of  copes. 
provided  and  communicated.  ’Tis  obvious  that  our  ftatical  hygrofcope 
has  the  advantage  of  the  common  forts,  in  thefe  feveral  refpe&s. 

There  is  however,  one  great  im perfection,  which  all  that  I have  been 
acquainted  with,  are  liable  to  •,  the  want  of  a ftandard  of  the  drynefs  and 
moifture  of  air  *,  by  relation  to  which,  hygrometers  fhould  at  firft  be  ad- 
jufted,  and  afterwards  compared  with  one  another:  tho’  this  inconvenience 
may  poflibly  be  remedied.  In  the  mean  time,  even  our  flight  inftrument 
will,  in  many  refpeCts,  prove  very  ferviceable. 

And  firft,  it  will,  on  many  occafions,  be  ufeful  to  fnew,  both  that  t The  firft  ufe  of 
air  is  ufually  lefs  moift  at  one  part  of  the  artificial  day,  than  at^any  other ; the  ftatical  by- 
and  at  what  particular  time  of  the  day,  or  night,  it  moll;  commonly  is  {o.gr0fC0Pe> t0 
I remember,  when  the  weather  was  at  a ftand,  I ufually  obferved,  that ^rMons 
the  fpunge  had  manifeftly  gain’d  in  the  night,  tho’  it  were  kept  in  a bed-  0f  zveatber  in 
chamber,  and  grew  lighter  again  between  the  morning  and  noon.  But  the fame  month, 
this  o'bfervation,  which  was  made  towards  the  end  of  winter,  would  not  dah  and  hour. 
hold,  in  cafe  frofty  nights,  or  fome  other  powerful  caufe  intervened. 

’Twere  proper,  alfo,  to  obferve,  whether  there  be  not  a correfpond- 
ence  betwixt  the  hygrometer,  and  barometer*,  and  if  there  be,  in  what 
kind  of  weather,  or  conftitution  of  air,  it  is  moft,  or  leaft  to  be  difcern’d. 

And  this  enquiry  feems  the  more  dubious,  becaufe  the  fame  changes  of  the 
atmofphere  may,  upon  differing  accounts,  have  either  the  like,  or  quite 
contrary  operations  upon  thefe  two  inftruments.  For,  in  fummer,  when  the 
atmofphere  is  ufually  heavier,  the  hygrofcope  is  ufually  lighter:  fome 
ftrong  winds,  as  with  us  the  north-weft,  may  make  both  the  atmofphere, 
and  barometer  lighter  ; whereas,  foutherly  winds,  efpecially  if  accompanied 
with  rain,  often  make  the  atmofphere  lighter,  and  the  fpunge  heavier. 

On  the  other  fide,  I obferve,  that  eafterly  winds,  efpecially  when  they 
begin  to  blow  in  winter  ; tho’,  by  reafon  of  their  drynefs,  they  make  the 
hygrofcope  lighter  ; yet,  at  leaft  here,  at  the  weft-end  of  London , they  com- 
monly fhew  the  air,  by  the  barometer,  to  be  heavier.  It  were,  likewife,  fit 
to  be  obferved,  particularly  by  thofe  who  liveonthefea-coaft,  whether  the 
daily  ebbing,  or  flowing  of  the  fea,  do  not  fenfibly  alter  the  weight  of  the 
hygrofcope.  It  would  alfo,  be  very  convenient,  to  take  notice,  at  what 
times  oftheday  or  night,  ceteris  paribus,  the  air  is  moft  dampand  moft  dry; 
and  not  only  in  feveral  parts  of  the  fame  day,  but  in  feveral  days  of  the 
fame  month ; efpecially  on  thofe,  vriierein  the  full  or  new  moon  happens : 

And  this  feems  a more  hopeful  way  of  difcovering,  whether  the  full  moon 
diffufes  a moifture  in  the  air,  than  thofe  vulgar  traditions  of  theplumpnefs 
oi  oyfters,  Ihell-fifh,  the  brains  of  fome  animals,  the  marrow  in  their  bones, 

&V-  It  may  alfo  be  noted,  whether  monthly  fpring- tides,  efpecially  when 
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Statics,  they  happen  near  the  middle  of  March  or  September , have  any  fenfible 
^/W  effeCt,  upon  our  inftrument. 

A feconduje,  to  The  hygrofcopes  made  of  an  oaten  beard,  after  fome  months,  begin  to 
oneyar^Md  dry  UP  an^  5 f°  ^at  their  fenfe  of  the  varying  degrees  of  the  moi- 
feafen,  *is  dry  fture  of  the  air,  is  not  fo  fudden  as  before  •,  and  the  informations  they  give 
er  and  moijler  0f  the  degrees  of  it,  efpecially  towards  the  outmoft  bounds  of  their  pow- 
tban another.  er?  to  fhew  the  air’s  alterations,  become  more  and  more  irregular.  But 
durablenefs,  and  the  other  convenient  qualifiations  of  our  fpunge,  making 
its  capacity  of  doing  fervice  more  lading,  may  the  better  help  us  to  com- 
pare the  greateft  moifture  and  drynefs,  both  of  the  fame  feafon,  and  of  the 
feafons  of  one  year,  with  the  correfpondent  ones  of  another.  And,  if  the 
weight  of  the  fpunge,  at  a proper  time,  when  the  temperature  of  the  air  is 
neither  confiderably  moift,  nor  confiderably  dry,  be  taken  for  a ftandard ; 
a perfon  may,  by  computing  for  how  many  days,  atfuch  an  hour,  and  how 
much  at  that  hour,  it  was  heavier  or  lighter  than  the  ftandard  ; and  alfo, 
by  comparing  the  refuit  of  fuch  an  account,  in  one  year,  with  the  refult  of 
the  like  account  in  another,  be  afiifted  to  make  a more  particular,  and  near 
eftimate  of  the  differing  temperature  of  the  air,  as  to  moifture  and  drynefs, 
in  one  year  than  in  another  ; and  in  any  correfpondent  feafon,  or  month, 
affigned  in  each  of  the  two  years  propofed.  And,  how  far  the  comparifon, 
or  continuance  of  fuch  obfervations,  both  in  the  fame  place,  and  alfo  in 
different  countries,  and  climates,  may  be  ufeful  to  phyficians,  in  reference 
to  thofe  difeafes,  where  the  moifture  and  drynefs  of  the  air  have  much  in- 
tereft  ; and  the  husbandman,  to  forefee  what  feafons  will  prove  friendly, 
or  unkind,  to  particular  foils  and  vegetables  •,  it  muft  be  the  work  of  time 
to  teach’  us:  in  the  interim  we  have  no  reafon  to  defpair,  that  the  ufes  to 
be  made  of  fuch  obfervations,  may  prove  confiderable.  And  if,  by  the 
refult  of  many  obfervations,  men  may  be  enabled  to  forefee  the  tempera- 
ture of  a year,  or  even  of  a feafon,  it  may  advantage  other  profeffions  of 
men,  who  receive  much  profit,  or  prejudice,  by  the  great  drynefs,  or  ex- 
ceflive  moifture  of  the  feafons.  Not  to  mention  thofe  who  cultivate  hops, 
faffron  and  other  plants,  that  are  tender,  and  bear  a great  price  *,  fuch  a 
forefight,  as  we  are  fpeaking  of,  may  be  of  great  ufe  to  fhepherds,  who 
in  feveral  parts  of  England,  often  fuftain  great  Ioffes,  by  the  rot  of  fheep  ; 
which  ufually  happens  through  excefs  of  moifture,  in  certain  months  of 
the  year.  And,  in  order  to  lay  foundations,  whereon  to  build  predictions, 
it  may  not  be  amifs  to  regifter  the  number,  magnitude,  and  duration,  of 
the  confiderable  fpots,  that  may  at  this,  or  that  time  of  the  year,  happen 
to  appear,  or  be  diffipated,  on,  or  near  the  fun  ; or  to  take  notice  of  any 
extraordinary  abfence  of  them;  and  to  obferve  whether  their  apparition,  or 
diffipation,  produce  any  changes  in  the  hygrofeope.  This,  indeed,  I fhould 
not  venture  topropofe,  but  that  eminent  aftronomers  have  cafually  obfer- 
ved  great  drynefs  to  attend  the  extraordinary  abfence,  or  fewnefs  of  the 
folar  fpots.  And  fuch  perfons  as  are  aftrologically  given,  may  extend 
their  curiofity,  in  the  ufe  of  this  inftrument,  to  obferve,  whether  eclipfes 
of  the  fun  and  moon,  and  the  great  conjunctions  of  the  fuperior  planets, 
have  any  remarkable  effeCt  upon  it.  I have 
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I have  found,  by  removing-. the  fpunge  into  the  wind,  that  it  foon  re- Statics. 
ceiveda  very  confiderable  alteration,  in  point  of  weight;  as  it,  alfo,  did,  l/VNj 
when  remov’d  out  of  a room,  into  a garden,  where  the  fun  flione:  for,  ^todif/over^and 
tho*  the  feafon  were  not  warm,  it  being  then  the  month  of  January,  yet compare  the* 
in  three  quarters  of  an  hour,  the  fpunge  loft  a 24th  part  of  its  weight,  changes  of  the 
We  may  alfo,  in  fome  cafes,  ufefully  fubftitute  a broad  piece  of  fheep’s-  temperature  of 
leather,  by  difplaying  it  to  the  wind.  For  this  having,  by  reafon  of  winds^fio- 
thinnefs,  in  proportion  to  its  breadth,  a very  large  fuperficies  immediately jthfnow\,  and 
expofed  to  the  wind,  we  found  it  to  be  confiderably  alter’d  thereby  ; fo other  zueatber . 
that  half  an  ounce  of  it,  well-prepared,  being  kept,  for  an  hour,  in  a 
place  where  the  fun-beams  might  not  beat  upon  it,  did,  in  a ftrong 
wind,  vary  an  eighteenth  part  of  its  original  weight.  But  tho’  I think  it 
very  poflible  to  make  fnch  obfervations  of  the  temperature  of  particular 
winds,  as  will  frequently  prove  fo  true  as  to  be  ufeful,  at  leaft,  to  thofe 
who  live  in  the  places  where  they  are  made;  yet  I am  of  opinion,  rhat 
to  be  able  to  fettle  general  rules,  to  determine,  with  any  certainty,  the 
quality  of  winds,  according  to  the  points  of  the  compafs,  from  whence  they 
blow,  great  warinefs  will  be  required:  and  he  who  has  not  fome  com- 
petent skill  in  phyfics,  and  cofmography,  muft  be  very  fubjecft  to  miftake 
in  forming  his  rules. 

For,  winds  that  blow  from  the  fame  quarter,  are  not,  in  fome  countries 
of  the  fame  quality  they  are  in  moft  others ; but  participate  much  of  the 
nature  of  the  region  over  which  they  blow,  in  their  pafiage  to  us.  At  Arch- 
angel they  obferve,  that  tho’  a northerly  wind,  almoft  every  where  elfe,  with- 
out the  tropics,  produces  froft  in  winter,  it  is  there  attended  with  a thaw, 
probably  becaufe  this  wind  comes  over  the  fea,  which  lies  north  from  that 
place:  and  on  the  contrary,  a foutherly  wind  blowing  over  a thoufand,  or 
twelve  hundred  miles,  of  frozen  land,  rather  increafes  the  froft,  than  brings 
a thaw.  The  northern  winds,  which  are  elfewhere  drying,  are  faid  in  Egypt 
to  be  moift.  And  we  are  told,  that  the  northern  wind  in  Egypt , is  the 
moifteft.  Monfieur  de  Serres , fpeaking  of  the  changes  of  the  air,  with  re- 
gard to  husbandry,  in  feveral  parts  of  France , informs  us,  that  about  Fho- 
louze , the  fouth-wind  dries  the  ground,  and  the  north  gives  rains.  On  the 
contrary,  from  Narbonne  to  Lyons , all  over  Provence  and  Dauphiney  the 
latter  caufes  drynefs,  and  the  other  brings  moifture. 

But,  farther,  the  vehemence  or  faintnefs  of  the  wind,  though  blowing 
over  the  fame  country,  may  much  diverfify  its  operation  on  the  hygrof- 
cope;  and  the  fame  wind,  which,  when  it  blows  but  moderately,  appears 
moift  by  the  hygrofcope,  may,  when  vehement,  or  impetuous,  make  the  in- 
ftrument  grow  lighter ; difcufiing  and  driving  away  more  vapours,  by  the 
agitation  of  parts  it  makes  in  the  fpunge,  than  is  balanced  by  thofe  aque- 
ous vapours  that  are  brought  along  with  it.  And  frofty  weather,  as  we 
found  often,  made  the  hygrofcope  grow  lighter,  even  at  night ; but  fnowy 
weather,  which  lafted  not  long,  added  fomething  to  the  weight  of  the 
fpunge  .*  and  it  has  been  obferved,  that  mifts  and  foggy  weather  add  a 
weight  to  it. 

Nay5 
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Nay,  ’tis  probable,  that  a tranfient  cloud,  in  fair  weather  may  be  ma- 
nifeftly  obfervable  by  our  inftrument.  For,  the  9th  of  September , being 
for  the  mod  part,  a very  fair  fun-fhiny  day,  tho’,  about  ten  a clock  in 
the  morning,  the  fun  fhone  brightly,  the  fpunge  began  to  preponderate  ; 
which  unexpected  phenomenon  made  the  perfon,  in  whofe  chamber  the 
inftrument  was,  look  out  at  the  window,  where  he  difeovered  a cloud  that 
darken’d  the  fun  •,  but,  after  a while,  this  being  paft,  the  balance  return’d 
to  an  equilibrium.  And,  I have  more  than  once,  or  twice,  obferved,  efpe- 
cialiy  in  fummer,  that  when  the  air  grew  heavier,  the  hygrofeope  either 
continued  at  a ftand,  or  perhaps,  grew  lighter;  as  if,  when  fuch  cafes  hap- 
pen, the  effluvia  that  get  into  the  air,  either  from  the  terreftrial,  or  fome 
other  mundane  globe,  were  not  fit,  like  vapours,  to  enter  and  lodge  in 
the  pores  of  the  fpunge  ; and  fo  were  corpufcles  of  another  nature;  with 
which,  when  we  find  by  the  barofeope,  that  the  air  is  plentifully  ftock’d, 
it  may  be  worth  while  to  obferve,  whether  any,  and  what  kind  of  meteor, 
will  commonly  be  fignified  and  produced. 

As  it  is  of  great  ufe,  both  in  refpedt  of  mens  health,  efpecially  if  they 
be  of  a tender,  or  fickly  conftitution  ; and  for  theconveniency  of  the  keep- 
ing flefh,  feveral  forts  of  wares,  &c.  that  are  fubjeCt  to  be  damaged  by 
moift  air  ; fo  this  may  be  readily  and  manifeftly  derived  from  our  inftru- 
ment. For,  by  removing  it  into  feveral  houfes,  or  into  feveral  parts  of 
the  fame  houfe,  and  letting  it  ftand,  for  a competent  time,  in  each,  we  have 
often  obferved  a notable  difference  ; of  which  1 fhall  here  give  two  or  three 
inftances. 

Having,  upon  the  10th  of  Oflober,  taken  a piece  of  fine  fpunge  out  of 
a cabinet,  and  clip’d  it  till  it  weigh’d  juft  halfa  dram,  in  a nice  pair  of  feales, 
and  a warm  room  ; we  afterwards  removed  them  into  a neighbouring 
room,  deftituteofa  chimney.  This  ftatical  hygrofeope,  was,  ORober  12. 
at  night,  remov’d  into  the  former  room,  and  the  fpunge  found  to  have 
gain’d  three  grains,  and  an  eighth  ; and,  confequently,  more  than  a tenth 
part  of  its  firft  weight:  but,  being  fuffer’d  to  ftand  in  this  warm  room  ; in 
lefs  than  twelve  hours,  it  loft  a grain,  and  about  one  eighth  of  its  former 
weight;  tho’  the  time  it  flood  in  this  room  were,  for  the  moft  part  night, 
and  the  weather  rainy. 

At  another  time,  we  took  a piece  of  very  fine  fpunge,  which  had  for- 
merly weigh’d  juft  a dram  ; but  having  been,  for  many  months,  kept  in  a 
very  warm  room,  it  was  grown  much  lighter:  for,  removing  it  into  an 
upper-chamber,  in  a neighbouring  houfe,  and  weighing  it  in  tender  feales,  in 
the  evening  ’twas  found  to  want  four  grains,  and  three  quarters,  of  a dram; 
and  tho’  there  was  a fire  in  the  room,  and  the  feales  flood  not  far  from  it, 
yet,  in  a fhort  time  ( the  day  being  foggy  and  rainy  ) the  fpunge  vifibly  de- 
press’d its  fcale  three  eighths,  and  the  next  morning,  was  found  to  want  but 
one  grain  and  a half,  of  a dram ; fo  that  it  had  gain’d  about  three  grains 
and  a quarter : and  the  following  evening,  being  the  fecond  of  January , it 
weigh’d  one  dram,  a grain,  and  almoft  a half.  So  that  in  about  one  na- 
tural day,  the  fpunge  had  acquired  fix  grains  from  the  moiftureof  the  air  ; 
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that  is,  a tenth  part  of  its  firft  weight,  and  a greater  proportion  to  the  Statics. 
weight  it  had  the  day  before.  The  third  of  January,  the  weather  being  L/TV 
yet  moift,  the  weight  exceeded  two  grains  ; but  about  three  or  four  of  the 
clock  in  the  afternoon  it  began  to  lole  of  that  great  weight,  which  dimi- 
nifh’d  more  by  the  next  morning,  the  weather  having  chang’d  that  night, 
and  become  frofty. 

A dram  of  fponge  that  had  for  feveral  weeks  been  kept  in  a dry  room, 
was  (January  io.)  carried  out  into  a room  where  a fire  is  not  ufually 
kept,  the  weather  being  extraordinary  foggy  *,  the  next  morning  it  was 
brought  into  the  former  room,  and  tho’  now  the  weather  was  clear,  it  ap- 
pear’d to  have  gain’d  about  1 1 grains  in  weight ; yet  it  prefently  loft  two 
grains  by  (landing  in  this  room. 

In  ftnall  chambers  I have  often  obferv’d  a moderate  fire  to  alter  the  ^he  fifth  ufe , 
weight  of  the  inftrument,  plac’d  at  a diftance  from  it,  after  it  had  been  t0c^mberthe  * 
well  kindled  for  a very  little  while  *,  but  in  wet  weather,  if  the  fire  were  effe8s  of  the 
not  feafonably  recruited  with  frefb  fewel,  the  decay  of  it  would  foon  be-  prefence  or  ab- 
gin  to  be  difcernible  by  the  inftrument.  fence  of  afire . 

Suppofing  the  alteration  of  weight  in  our  fponge  to  depend  only  upon  fhe  fixth  ufi, 
the  degree  of  the  moifture  of  the  air,  if  a convenient  part  of  the  room  be  tokeepacham- 
chofen  for  the  hygrofcope,  and  it  be  kept  conftantly  there,  it  is  eafy  from  b*r  ™ ap  af~ 
time  to  time  to  perceive  when  it  will  be  requifite  to  increafe  or  moderate*^  egree 


the  fire,  fo  as  to  keep  the  fponge  at  that  weight  it  was  of  when  the  tem- 
perature of  the  air  of  the  chamber,  as  to  drynefs  and  moifture,  was  fuch 
as  is  defired.  I have  fometimes  obferv’d  with  pleafure,  how  manifeft  and 
great  a change  in  the  weight  of  our  fponge  would  be  made  when  the  room 
was  wafh’d,  and  for  a confiderable  time  after,  tho’  a large  fire  was  kept 
in  it  to  haften  its  drying. 

Befides  thefe  feveral  ufes  of  our  hygrofcope,  there  may  pofiibly  be  ma- 
ny others  ; and  perhaps,  by  a little  alteration  and  improvement,  it  might 
be  made  capable  of  fhewing  fome  difference  betwixt  fleams  of  differing 
natures,  as  thofe  of  water,  fpirit  of  wine,  chymical  oils,  or  new  kinds  of 
fubftances  in  the  air,  wherein  I fufpedl  there  may  fometimes  be  difperfed 
great  plenty  of  unknown  corpufcles  ; for  I have,  more  than  once,  obfer- 
ved  the  hygrofcope  not  to  be  affe&ed  with  the  alteration  of  weather, 
anfwerably  to  what  the  manifeft  conftitutions  or  variations  of  it  feem’d 
plainly  to  require  *,  whether  unobferv’d  particles  perform’d  this,  by  ma- 
king the  other  fleams,  in  point  of  figure  or  fize  unfit  to  enter  the  minute 
pores  of  the  fpunge,  or  by  difii  paring  or  otherwife  procuring  the  avolation 
of  more  of  the  watery  particles  than  they  could  countervail,  I fhall  not 
now  examine  ; and  perhaps  too  by  affociating  this  inftrument  with  the 
thermofcope,  barofcope,  &c.  it  might  be  fo  improv’d  as  to  help  us  to  fore- 
fee many  confiderable  things,  that  either  are  themfelves  changes  of  the  air, 
or  confequences  thereof ; for  inftance,  fickly  and  healthful  conftitutions 
of  the  air,  barren  or  plentiful  feafons  in  particular  places  or  countries, 
ftrong  hurricanes,  earthquakes,  inundations,  and  their  ill  effe&s  % and 
efpecially  thofe  accidents  that  depend  much  upon  the  furcharge  of  the  air, 
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Statics,  with  other  exhalations  and  moift  vapours  which  before-hand  operate  fenfi- 
bly  upon  our  inftrument,  and  therefore  may  be  difcernable  by  it  long  be- 
fore they  arrive  at  that  height  which  makes  them  formidable  meteors  *,  and 
if  it  were  but  the  foretelling  approaching  rain,  this  very  thing  may  on  ma- 
ny occafions  prove  very  ferviceable,  and  recommend  our  inftrument,which 
often  receives  much  earlier  imprelTions  from  the  fleams  that  float  in  the  air 
than  our  fenfes  do  •,  fo  that  I have  been  able  to  foretel  a fhower  of  rain, 
efpecially  in  dry  weather,  for  a confiderable  time  before  it  fell. 

And  here  I muft  advertife,  with  regard  to  our  inftrument  as  well  as  the 
barometer,  that  if  a theory  or  hypothefis,  in  itfelf  rational,  be  found  a - 
greeable  to  what  happens  the  moft  ufually  in  obfervation,  it  ought  not  to 
be  rejected  or  laid  afide,  tho’  fometimes  particular  inftances  may  call  it  in 
queftion  ; for  it  is  very  poflible  that  the  theory  or  hypothefis  may  be  as 
good  as  a wife  man  would  require,  about  fo  mutable  a fubjedt  as  the 
weather  *,  and  the  caufe  afiign’d  by  the  hypothefis  may  really  adl  fuitably 
to  what  that  requires,  tho*  a contrary  effect  enfue,  by  reafon  of  this  caufe 
being  accidentally  over-rul’d  by  fome  more  powerful  agent,  which  for 
that  time  invades  the  air.  Thus  we  know  that  tides  do  in  general  corre- 
fpond  with  the  motions  of  the  moon,  and  generally  ebb  and  flow  at  fuch 
times  and  in  fuch  meafures  as  the  theory  grounded  on  that  correfpondence 
requires ; yet  feamen  find  that  in  this  or  that  particular  harbour,  or 
mouth  of  a river,  fierce  contrary  winds,  great  land-floods,  and  other  ca- 
fual  caufes,  fometimes  both  very  much  difturb  the  regular  courfe  of  the 
tides,  and  either  increafe  or  lcffen  them. 


SECT.  II. 


Inftances  of 
the  pozuer  of 
the  moift ure  in 
the  air  at  all 
feafons. 

Upon  animal 
fubftances . 


STill  farther  to  recommend  the  ufe  of  hygrofcopes,  I fhall  here  fhew, 
that  the  quality  they  acquaint  us  with  may  be  very  confiderable,  not 
only  upon  mens  healths,  but  upon  fubjedls  far  lefs  tender,  and  lefs  curi- 
oufly  contriv’d  than  human  bodies. 

That  the  moifture  of  the  air  may  have  no  fmall  influence,  and  ufually 
a bad  one  upon  mens  healths,  tho*  experience  did  not  fo  often  teach  it, 
I fhould  diredly  infer  from  its  operation  upon  the  dry  and  firm  parts  of 
animals  ; and  even  in  thofe  cafes,  where,  for  want  of  time,  or  other  im- 
pediments, it  cannot  produce  any  fenfible  degree  of  putrefadlion. 

The  (kins  of  animals  may  eafily  be  invaded  by  the  moift  particles  of 
the  air,  becaufe  of  the  great  number  of  their  pores,  which  may  be  con- 
cluded from  their  hairinefs,  their  fweat,  or  both  ; and  I lately  obferv’d, 
that  fheeps  leather  imbibes  the  moifture  of  the  air,  and  increafes  in  weight 
upon  it,  as  plentifully  as  almoft  any  body  I have  expos’d  to  it. 

But  to  fhew  that  much  clofer  membranes,  and  which  nature  made  to 
be  impervious  to  fuch  a liquor  as  urine, may  be  affedled  by  the  vapours  of 
the  air,  1 fhall  add,  that  having  purpofely  taken  pieces  of  fine  well-blown 
bladders,  and,  as  far  as  appeared,  of  a very  clofe  texture,  and  counter- 
pois’d them  in  a good  balance,  I found  they  would  confiderably  increafe 

their 
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their  weight  in  moid,  and  lofe  it  again  in  dry  weather  ; fo  that  I might  Statics. 
have  employ’d  the  mod  membranous  part  of  a bladder  to  make  a datical  iyy\; 
hygrofcope. 

And  tho’  bones  are  the  firmed  and  mod  folid  parts  of  animals,  and  as 
it  were  the  pillars  by  which  their  fabric  is  fudain’d,  yet  even  thefe  may 
be  pierc’d  and  fenfibly  affeded  by  the  moidure  of  the  air  \ for  having 
caufed  the  fkdeton  of  a human  body  to  be  fo  fet  together,  that  by  the 
help  only  of  flender  wyres  artificially  order’d,  the  natural  motions  which 
the  mufcles  make  of  the  bones  might  be  well  imitated,  I ooferv’d,  that 
tho’  in  dry  and  fair  weather  the  flexures  of  the  limbs  might  be  readily 
made,  yet  in  very  moid  weather  the  joints  were  not  eafily  bent,  as  if  the 
parts  were  grown  diff  and  rigid  ; which  feem’d  to  proceed  from  the  moid 
particles  of  the  air,  which  having  plentifully  infinuated  themfelves  at  the 
pores  into  the  bones,  had  every  way  didended  them,  and  thereby  made  the 
parts  bear  harder  againd  one  another  at  the  jundures  or  articulations. 

But  farther,  the  moidure  of  the  air  may  exercife  a confiderable  force  Upon  vegeta « 
even  upon  inanimate  and  inorganical  bodies ; even  well-feafon’d  wood  bles' 
will  differ  a kind  of  divulfion  of  a multitude  of  its  parts,  and  be  manifed- 
]y  didended  by  aqueous  corpufcles  getting  into  its  pores.  Having  procu- 
red a piece  of  found  and  feafon’d  wood,  of  about  an  inch  in  diameter,  to 
be  turn’d  exadly  cylindrical,  and  alfo  a ring  of  brafs  or  ivory  to  fit  it,  fo 
that  it  might  with  eafe  be  put  on  and  taken  off,  we  fet  the  piece  of  wood 
in  fair  water,  and  left  it  to  foak  there  for  feveral  hours,  at  the  end  of 
which  it  was  vifibly  fwell’d,  fo  that  the  ring,  which  was  adjuded  to  it 
before,  was  manifedly  too  little  to  go  again  upon  it,  or  with  its  orifice  to 
cover  the  whole  bafis  of  the  didended  cylinder  *,  which  afterwards  being 
dry’d  in  the  air,  dirunk  into  a capacity  fit  to  enter  the  ring  again.  And 
in  this  experiment  I took  notice,  that  the  great  didenfion  of  the  wood  was 
not  produc’d  all  at  once,  or  foon  after  it  was  put  into  the  water,  but  it 
fwell’d  by  degrees,  and  lay  foaking  there  for  feveral  hours  before  it  ar- 
riv’d at  its  utmod  dimenfions,  the  aqueous  corpufcles  requiring  it  feems 
fo  much  time  to  infinuate  themfelves  diffidently  into  the  wood  ; which 
argues,  that  the  internal  parts  were  likewife  affeded  ; tho’  when  thefe 
came  to  fwell,  they  had  a great  thicknefs  of  wood  about  them,  to  hinder 
their  dilatation. 

And  to  manifed  that  even  in  fummer  there  are  aqueous  vapours  floating 
in  the  air,  within  fome  days  of  Midfummer , and  in  clear  fun-lhiny  weather, 
we  took  a pint  glafs  bottle,  and  having  put  into  it  a convenient  quantity 
of  water,  plac’d  it  and  four  ounces  of  beaten  fal-armoniac  in  one  fcale  of 
a good  balance,  and  a counterpoife  in  the  other,  and  then  putting  the  falc 
into  the  water,  I obferv’d,  that  tho’  for  a while  the  equilibrium  remain’d, 
yet  when  the  frigorific  mixture  had  diffidently  cool’d  the  outfide  of  the 
bottle,  the  roving  vapours  of  the  air  that  chanc’d  to  pafs  along  the  furface 
of  the  veffel,  were  by  the  contad  of  that  cold  body  arreded,  and  turn’d 
into  a kind  of  dew,  which  from  time  to  time  made  the  dale  that  held  the 
glafs,  preponderate  more  and  more  5 and  at  length  the  drops  growing  lar- 
2 ger. 
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ger,  ran  in  {mail  rivulets  down  the  Tides  of  the  glafs -,  To  that  in  leTs  than 
an  hour  the  condenTed  fleams  amounted  to  near  a dram,  which  weight 
was  afterwards  much  increas’d,  within  about  two  hours  more. 

And  that  the  multitude,  figures  and  motions  of  thefe  particles,  in  the 
form  of  vapour,  may  enable  them  to  difplay  no  fmall  force  in  their  opera - 
tiot^on  Tome  bodies,  appears  from  the  breaking  of  the  firings  of  mufical 
inftruments,  firft  brought  to  a ftrong  tenfion,  in  rainy  weather ; Tor  the 
vapours  which  then  wander  thro*  the  air,  infinuating  themTelves  into  theTe 
firings,  diftend  and  Twell  them,  and  thereby  endeavour  to  fhorten  them. 
To  forcibly,  that  they  often  break  with  a Tmart  noife  and  great  violence  ; 
and  if  we  confider  how  great  a weight  Tome  of  the  bigger  firings  of  bafs- 
viols,  that  have  been  obferv’d  to  break  in  moift  weather,  require  to  ftretch 
them  till  they  break,  this  effedt  of  the  moift  air  will  appear  to  require  a 
very  great  force. 

Befides,  an  ancient  mufician  and  a great  organ* maker,  inform’d  me, 
that  the  wyre-ftrings  of  mufical  inftruments  will,  for  the  moft  part,  be 
out  of  tune  in  wet  weather,  the  firings  then  generally  affording  their  notes 
fharper  than  ufual  *,  and  that  upon  great  changes  of  weather  Teveral 
organs  would  (after  they  had  been  long  tun’d)  grow  out  of  tune,  the 
v/ooden  pipes  Twell,  and  the  metalline  ones  be  untun’d. 

But  if  bodies  be  of  Tuch  a conftitution  as  to  afiift  the  operation  of  the 
moift  air,  the  penetrancy  and  efficacy  of  it  may  be  (till  more  confidera- 
ble  *,  for  there  are  Tome  kinds  of  thofe  marcafites  that  yield  vitriol,  which 
whilft  they  lie  under  ground,  or  are  cover’d  with  the  Tea-water  on  fhores, 
retain  a ftony  hardnefs,  and  are  often  taken  for  mere  ftones *,  yet  credible 
perfons  have  cafually  obferv’d,  that  thefe  being  expos’d  to  the  air,  would 
in  tradt  of  time  be  To  penetrated  by  the  moift  particles  of  it,  as  to  Twell 
and  burft  •,  that  this  will  happen  to  Tuch  kind  of  ftones  by  the  help  of 
rain,  experience  has  perfuaded  me  ; and  that  it  may  alfo  happen  even  to 
very  hard  and  ftone-like  marcafites,  when  they  are  merely  expos’d  to  the 
air,  I am  apt  to  think,  from  Tome  trials  of  my  own  *,  Tor  from  fhining 
marcafites,  tho’  kept  but  in  my  chamber-window,  I have  had  vitriolate 
effiorefcencies,  which  Teem’d  to  be  produc’d  by  the  adtion  of  the  piercing 
moifture  of  the  air  upon  the  mineral ; and  I remember,  that  very  hard 
and  heavy  lumps  of  a marcafitical  fubftance,  which  Teem’d  to  be  ftony, 
were  To  difpos’d  to  be  wrought  on  by  the  air,  that  tho*  kept  in  my  own 
chamber,  or  other  cover’d  places,  yet  in  a ffiort  time  were  To  penetrated 
by  the  moift  corpufcles  of  the  air,  that  they  burft  into  many  pieces,  which 
fell  from  one  another,  and  Teveral  of  the  divided  portions  might  eafily  be 
crumbled  betwixt  ones  fingers  ; and  of  Tome  of  thefe  I have  obferv’d,  that 
a vitriolate  fubftance  was  produc’d  more  plentifully  in  their  innermoft 
parts,  than  ©n  or  near  their  outfide ; To  that  confidering  how  great  an 
external  force  would  have  been  requifite  to  make  Tuch  a comminution  of 
minerals  thus  Tolid  and  hard,  it  is  obvious  that  the  air’s  moifture  is  capa- 
ble, when  it  meets  with  fitly  difpos’d  bodies,  to  exercife  a far  greater 
force  than  is  ufually  imagin’d. 


And 
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And  thinking  it  probable,  that  ropes  themfelves  would  confiderably  im-  Statics. 
bibe  and  part  with  the  moifture  of  the  air,  and  that  fo  as  to  fhrink  in  rainy 
weather,  tho’  clogg’d  with  a weight  faften’d  at  the  lower  end  *,  I firft  hy' 

caus’d  a rope,  thatwasabout  twenty  yards  in  length,  but  of  no  great  thick*  gr'lh" 
nefs,  to  have  one  of  its  ends  faften’d  to  an  immoveable  body,  at  a conve- 
nient height  from  the  ground,  and  a pully  to  be  faften’d  to  another  ftable 
body,  at  the  diftance  of  eighteen  or  twenty  yards  from  the  firft,  that  the 
rope  refting  upon  the  pully,  lay  almoft  horizontally.  But  to  the  end  of 
that  part  of  the  rope,  which,  from  the  pully,  reach’d  within  two  or  three 
feet  of  the  ground,  was  faften’d,  by  a ring,  a leaden  weight  of  fifty  pound. 

To  this  was,  alfo  faften’d  a light  index,  placed  horizontally,  whofe  end 
moved  along  an  erected  board,  which  by  tranfverfe  lines  was  divided  into 
inches  and  parts  of  inches,,  reaching  a confiderable  way  upwards  and  down- 
wards, that  the  index  might,  within  thofe  bounds,  have  room  to  play,  ac- 
cording to  the  alterations  of  the  weather. 


It  being  now  furnmer,  we  placed  this  apparatus  in  a garden,  tho’  part- 
ly under  a pent-houfe,  that  the  rope  might  be  more  expofed  to  the  air, 
than  it  would  have  been  within  doors ; and  in  two  or  three  days,  the 
weight  had  brought  the  rope  to  the  utmoft  ftretch  that  was  able  to  give  it : 
after  which,  it  began  manifeftly  to  fhrink  and  lengthen,  according  to  the 
weather.  So  that  once  looking,  over* night,  upon  the  fufpended  weight  and 
marking  how  low  it  reach’d  upon  the  divided  board  *,  when  I came  again 
the  next  morning,  a great  part  of  the  night  having  been  rainy,  I found  the 
cord  fo  fhrunk,  that  the  weight  was  rais’d  above  five  inches : yet  the  day 
growing  dry  and  windy,  and  fometimes  warm,  the  weight  had  at  night, 
ftretched  the  rope  more  than  the  moifture  had  contradled  it  before. 

Afterwards  having  procured  a far  greater  weight,  I fubftituted  it  in  the 
place  of  the  other  *,  and  having  fuffer’d  it  to  ftretch  the  rope  as  far  as  it 
could,  I regifter’d  forne  obfervations  about  it  *,  two  whereof  I fhall  here 
fet  down. 

June  4.  At  half  an  hour  after  nine  at  night,  I look’d  upon  the  hundred 
weight  that  hung  at  the  bottom  of  the  rope,  the  weather  being  then  fair  ; 
and  a mark  being  put  at  that  part  of  the  ere&ed  board,  where  the  bottom 
ofthe  weight  touch’d,  I perceiv’d  the  sky  a while  after  to  be  cloudy  and 
overcaft,  but  without  rain  : wherefore  going  to  view  the  weight  again,  1 
found  it  in  an  hour  and  a quarter  to  have  rifen  a quarter  of  an  inch  or  more. 

June  6.  Yefterday  the  weight  was  obferved  to  reft  at  the  eleventh  inch 
of  the  eretfted  board.  This  morning  about  eight,  I found  it  rifen  about 
half  a quarter  of  an  inch  above  the  eighth  *,  the  morning  being  cloudy,  tho* 
the  ground  very  dry  and  dufty.  The  weather  being  overcaft,  within  left 
than  an  hour  afterwards,  ( fome  fcatter’d  drops  of  rain  then  beginning  to 
fall ) I found  the  weight  rifen  about  halfan  inch  above  the  eighth  mark.* 

Hence 


* Dr.  Jurin , to  gain  materials  for  an  ex- 
aft  meteorological  hiftory,  defires  the  cu- 
rious of  all  parts  to  keep  a diary  of  the 
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1 weather,  and  to  fend  in  their  accounts  of 
I it,  annually,  to  the  fecretaries  ofthe  Royai 
I Society;  where  being  compared  with  theih 
Id*  made 
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Hence  the  Force  of  the  air’s  moifture  is  not  fmall,  fince  it  could  raife  an 
hundred  weight,  tho’  the  chord  meafured,  in  diameter,  but  about  the 
third  part  of  an  inch. 


made  by  the  order  of  that  illuftrious  body, 
the  refult  may  be  publifh’d  in  their  Tranf- 
adions.  Asfucha  work,  for  its  great  Ufe- 
fulnefs,  is  higly  defirable,  we  (hall  here 
give  the  particulars,  which  the  Dodor  de- 
nres  fhould  be  principally  inferted  in  fuch  a 
journal. 

And,  i ft,  he  requefts,  that  the  heights  of 
the  barometer,  thermometer,  and  the  ftate 
of  the  hygrofcope,  be  obferv’d,  at  lead  once 
every  day  ; from  what  point  of  the  com- 
pafs  the  wind  blows,  and  with  what  force  ; 
the  appearance  of  the  sky,  and  the  quanti- 
ty of  rain  or  fnow,  that  fell  fince  the  pre- 
ceding obfervation  was  made. 

2.  That  in  cafe  of  a ftorm,  its  beginning, 
increafe,  height,  decline,  and  ceflation,  be 
accurately  remark’d,  with  the  precife  times 
wherein  each  happen’d,  and  the  heights 
of  the  barometer  correfponding  to  thofe 
times. 

3.  That  the  common  barometer,  artifi- 
cially fill’d,  be  made  choice  of,  the  tube 
being  or  j inch  in  diameter ; and  the 
veflel  containing  the  llagnant  mercury,  8 
or  10  times  wider  than  the  tube. 

4.  If  a portable  barometer  be  employ’d, 
the  Dodor  recommends  thofe  of  that  excel- 
lent artill  Mr.  Hauksbce,  in  Crane  Court, 
Tleetjlrnt ; who  alfo  ( fays  the  Dodor  j 
makes  moft  exquifite  thermometers. 

5.  If  any  other  thermometer  be  ufed, 
the  Dodor  defires  that  its  fituation,  ftru- 
durc,  fcale,  and  the  name  of  the  peribn 
who  made  it,  may  be  fet  down  in  the  dia- 
ry; and  that  this  inftrument  be  placed  in  a 
room  that  looks  north,  where  a fire  is  fel- 
dom  or  never  made. 

6.  That  they  may  be  the  better  com- 


pared together,  the  Dodor  farther  defires, 
that  the  firft  column  may  exhibit  the  day 
and  hour  of  the  obfervation,  old  ftile  ; 
that  the  fecond  may  fhew  the  height  of 
the  mercury  in  the  barometer,  in  inches 
of  an  Englijb  foot,  and  their  decimal  parts; 
that  the  third  column  may  contain  the  de- 
gree and  decimal  parts  of  a degree  of  the 
fpirit  in  the  thermometer  ; that  to  the 
fourth  beaflign’d  the  wind,  with  its  de- 
grees of  force,  which  may  be  exprefled  by 
the  figures  1,  2,  3,  4,  and  o for  a perfed 
calm.  That  the  fifth  may  contain  the  ap- 
pearance of  the  heavens,  and  a fhort  hi- 
ftory  of  the  weather.  That  the  laft  may 
give  the  height  of  the  rain  or  fnow  when 
difTolved,  which  fell  fince  the  preceding 
obfervation,  in  Englijb  inches,  and  their 
decimal  parts. 

The  quantity  of  rain,  this  very  learn- 
ed gentleman  tells  us,  may  be  eafily  com- 
puted by  means  of  a funnel  two  or  three 
feet  wide,  fet  in  a clofe  narrow-raouth’d 
vefiel  to  receive  the  water  falling  in  an 
open  place,  and  a cylindrical  meafure  di- 
vided into  inches  and  decimal  parts.  But 
the  diameter  of  the  cylindrical  meafure 
fhould  be  10  times  lefs  than  that  of  the 
funnel ; whence  an  inch  height  of  water 
in  the  meafure,  will  appear  to  have  fallen 
to  the  height  of  inch  upon  the  fun- 
nel ; and  fo  for  other  decimal  parts  of 
an  inch.  At  the  end  of  every  month  and 
year,  the  Dodor  defires  may  be  fet  down 
the  mean  menftrual  and  annual  height  of 
the  barometer  and  thermometer,  as  like- 
wife  the  fum  of  all  the  heights  of  the  rain 
that  has  fallen  each  month  or  year.  See 
Thilof.^TranJ.  N°  379.  p.  427. 
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A Specimen  of  this  Diary  take  as  follows . 


Dies  & flora 

Barom. 

Therm. 

Vent. 

Pluvia. 

1723. 

alt. 

alt- 

Nov.  St.V. 

dig.  dec. 

gr.  dec. 

Tempeftas. 

dig.  dec- 

1.  8 a.  m. 

*975 

49  • 6 

S.  W.  1 

Ccelum  nubibus  obda£l. 

O.O35 

Imbres  interrupti.  "J 

4 p.  m. 

29.56. 

47  • 3 

S.  W.  2 

Sol  per  vices  inter-  p 

O.043 

currens  j 

2'  7 \ a.  m. 

29.24 

48  . 5 

S.  i 

Pluvia  fere  perpetua 

O.725 

3.  9 a.  m. 

29  95 

49  • 7 

N.  1 

Ccelum  fudum 

O.032 

5 p.  m. 

30.  4 

49  • 2 

N.  1 

C cel um  fudum 

0.000 

4.  7 a.  m. 

29.  9 

47  • 0 

S.  W.  1 

Nubes  fparfae 

0 000 

10 

29.  7 

46  . 2 

S.  W.  2 

Imbres  intercurrentes 

0.103 

Ccelum  nubibus  undi-1 

12 

29.  4 

45  • 0 

b.  3 

que  fere  tedium  j 

0.050 

3 A 

28.  8 

46  . 0 

S.  4 

Nubes  fparfae 

0.000 

5 

28.  6 

47  • 2 

S.  W.  4 

Eadem  Cceli  facies 

0 000 

7 

28.  9 

48  . 0 

S.W.  2 

Pluit 

0.000 

9 

28.  9 

48  . 2 

0 

Pluvia  fere  perpetua 

0.305 

5.  7 tn. 

29.  7 

53  • 4 

N.  E.  1 

Sudum.  Gelu. 

0.250 

Tire 
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Fire  and  Flame 

Weigh’d  in  a 

BALANCE. 


SECT.  I. 

Experiments  x;  A Piece  of  copper-plate,  not  near  fo  thick  as  a half-crown,  weigh- 
fiameZiay*!?!-  / \ ing  two  drams  and  25  grains,  being  plac’d  horizontally  in  a 

corporate  with  «*-  crucible,  whofe  bottom  had  a little  hole  in  it  for  the  fumes  to 

/olid  bodies,fo  get  out  at,  fo  that  it  could  not  be  remov’d  from  its  pofition,  nor  be  eafily 
mzAt  to  drop  down  and  lofe  its  level,  tho’  the  crucible  were  turn’d  up- 
* and  bulk*  / fide  down,  about  an  ounce  and  half  of  common  fulphur  was  put  into  a 
taller  and  broader  crucible,  and  that  wherein  the  copper  ftuck  inverted 
into  the  orifice  of  it,  that  fo  the  fulphur  being  kindled  the  flame  might 
reach  the  plate,  and  have  fome  vent  beyond  it  at  the  hole  above-men- 
tion’d  ; the  brimftone  burn’d  about  two  hours,  in  which  time  it  feem’d 
all  to  have  been  refolv’d  into  flame,  no  flowers  of  fulphur  appearing  to 
have  fublim’d  into  the  infide  of  the  upper  crucible  i and  tho’  the  copper- 
plate were  at  a confiderable  diftance  from  the  fir’d  fulphur,  yet  the  flame 
feem’d  to  have  actually  penetrated  it,  and  to  have  made  it  vifibly  fwell 
and  grow  thicker  ; which  appear’d  to  be  done  by  a real  acceflion  of  fub- 
ftance,  fince  after  we  had  wip’d  off  fome  little  adhering  forces,  and  with 
them  leveral  particles  of  copper  that  ftuck  clofe  to  them,  the  plate  was 
found  to  weigh  near  32  grains  more  than  at  flrft,  and  confequentlv  had 
increas’d  its  former  weight  by  above  a fifth  part. 

2.  Having,  by  refining  one  ounce  of  fterling  fllver  with  falt-petre,  re- 
duc’d it  to  7 drams,  or  fomcwhat  lefs,  we  took  a piece  of  it  that  weigh’d 
58  grains , and  ordering  it  as  the  copper-plate  in  the  former  experi- 
ment ; after  the  flame  of  above  an  ounce  and  a quarter  of  fulphur 
had  for  about  an  hour  and  half  beat  upon  it,  the  filver  plate  feem’d 

to 
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to  the  eye  fomewhat  fwell’d,  and  the  lower  furface  of  it  next  the  flame  Statics. 
was  brought  to  a great  fmoothnefs,  the  weight  being  increas’d  to  one  'yYV 
dram,  five  grains,  and  three  quarters  ; which  acquir’d  weight  falling  fo 
fhort  of  that  gain’d  by  the  copper,  the  difference  may  perhaps  be  attri- 
buted to  the  clofenefs  and  compa&nefs  of  the  filver,  argu’d  by  its  being 
heavier  in  faecie  than  copper,  or  to  the  greater  difpofition  of  the  pores  of 
copper  to  be  wrought  on  by  the  fiery  menftruum  *. 

Nor  is  it  ftrange  that  the  particles  of  flame,  which  are  either  of  a faline 
or  a piercing  terreflrial  nature,  being  wedg’d  into  the  pores,  or  being 
brought  to  adhere  very  faft  to  the  little  parts  of  the  bodies  expos’d  to  their 
a&ion,  the  addition  of  fo  many  little  particles,  that  want  not  gravity, 
fhould,  becaufe  of  their  multitude,  be  confiderable  upon  a balance,  tho’ 
a few  of  them  would  have  no  vifible  effedt. 

3.  Into  a very  fhallow  crucible  we  put  an  ounce  of  copper-plates,  and  That  fire  may 
fet  it  in  a cupelling  furnace,  where  it  was  kept  for  two  hours;  and  do  the  jame. 
then  being  taken  out,  we  weigh’d  the  copper,  which  had  not  been  melt- 
ed (having  firft  blown  off  all  the  afhes)  and  found  it  had  gain’d  30 

grains. 

4.  We  took  an  ounce  of  copper  filings,  and  putting  them  upon  a very 
fhallow  crucible,  and  under  a muffler,  we  kept  them  there  for  about  3 
hours  ; and  afterwards  taking  them  off,  we  found  them  of  a very  dark 
colour,  not  melted,  but  cak’d  together  in  one  lump,  and  increas’d  in 
weight  (the  afhes  and  duft  being  blown  off)  no  lefs  than  49  grains ; part 
of  which  increafe,  above  that  obtain’d  by  the  copper-plates,  may  proba- 
bly be  due  to  the  longer  time  that  in  this  experiment  the  filings  were 
kept  in  the  fire. 

5.  We  weigh’d  out  an  ounce  of  fmall  lumps  of  hartfhorn,  that  had  been 
burn’d  till  they  appear’d  white,  and  having  put  them  into  a crucible,  and 
kept  them  in  a cupelling  furnace  for  2 hours,  we  found  when  they  were 
taken  out  that  they  had  loft  6 or  7 grains  of  their  former  weight,  per- 
haps becaufe  the  internal  parts  of  fome  of  them  might  not  be  exquifitely 
calcin’d,  but  retain’d  fome  oleaginous,  or  other  volatile  fubftance  ; or  be- 
caufe having  omitted  to  burn  them  well  before  they  were  weigh’d,  they 
might  fince  their  firft  calcination  have  imbib’d  fome  moift  particles  of  the 
air  ; for  having  kept  them  a while  in  the  fcale  wherein  they  were  weigh’d, 
they  did  within  2 or  3 hours  make  it  preponderate.  At  the  fame  time 
with  this  hartfhorn  we  alfo  put  in  one  ounce  of  well-heated  brick,  and 
kept  that  likewife  in  the  furnace  for  above  2 hours,  at  the  end  of  which. 


* M.  Mufchenbroeck  counterpoizing  a 
prifm  of  iron  that  weigh’d  three  pound, 
in  fcales  which  would  turn  with  grain, 
afterwards  heated  the  prifm  red  hot ; when 
examining  it  again  by  the  fame  balance,  he 
Hill  found  it  exadtly  three  pound  ; whence 
hejuftly  concludes,  that  it  had  gain’d  in 


weight  from  the  fire ; for  the  experiment 
being  made  in  the  open  air,  and  the  metal 
being  expanded  by  heat,  it  is  plain  that 
the  fpecific  gravity  of  the  heated  metal 
was  decreas’d  by  the  expanfion,  fo  as  to  be 
then  lighter,  with  refpeft  to  the  air.  De 
materia  fiubtili , p.  8,  9. 
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Statics,  weighing  it  whilft  it  continued  hot,  we  did  not  find  it  to  have  either  fern 
V/W  fibly  got  or  loft  i but,  fome  time  after,  it  feem’d,  upon  the  balance  to  have 
imbibed  a little  moifture  from  the  air. 

6.  Upon  a good  cupel,  we  put  an  ounce  of  Englijh  tin,  of  the  better 
fort  *,  and  having  placed  it  in  the  furnace,  under  a muffler,  tho’  it  pre- 
fently  melted,  yet  it  did  not  forfake  its  place,  but  remain  upon  the  con- 
cave furface  of  the  cupel,  till,  at  the  end  of  about  two  hours,  it  appear’d 
to  have  been  well  calcin’d  *,  and  then  being  taken  out,  and  weigh’d  by  it- 
felf,  the  ounce  of  metal  was  found  to  have  gain’d  no  lefs  than  one 
dram. 

7.  An  ounce  of  lead  was  put  upon  a cupel,  made  of  calcined  hartfhorn, 
and  placed  under  a muffler,  after  the  cupel  was  firft  made  hot,  and  then 
weigh’d.  This  lead  did  not  enter  the  cupel,  but  was  turn’d  into  a kind  of 
litharge  on  the  top  of  it,  and  broke  the  cupel,  whereby  fome  part  of  the 
latter  was  loft  in  the  furnace  ; yet  the  reft,  together  with  the  litharge, 
weigh’d  feven  grains  more  than  the  lead  and  heated  cupel,  when  they 
were  put  in. 

8.  We  took  a cupel  about  two  ounces  in  weight,  made  of  ten  parts  of 
bone-afhes,  and  one  of  charcoal-afhes,  mix’d  together  with  ale.  This 
was,  by  itfelf,  put  in  a cupelling  furnace,  under  a muffler  ; and  when 
’twas  throughly  and  highly  heated,  we  weigh’d  it  in  that  ftate.  This 
done,  ’twas  immediately  again  plac’d  under  the  muffler,  and  kept  there 
for  about  two  hours  ; at  the  end  of  which  time,  ’twas  taken  out,  red- 
hot,  and  prefently  put  into  the  fame  balance,  as  before  *,  where  having 
blown  off  the  adhering  afhes,  I found  that,  tho’  when  ’twas  firft  taken 
from  under  the  muffler,  we  had  but  two  ounces  and  two  grains,  yet  now 
the  weight  being  put  into  the  oppofitie  fcale,  it  gain’d  very  near  2 1 grains. 
And  here  note,  that  ’twas  not  without  fome  caufe,  that  1 weigh’d  the 
cupel  red-hot:  for  I had  a fufpicion,  that  notwithftanding  the  drynefs  of  the 
bone,  it  might  receive  fome  little  alteration  of  weight,  by  imbibing  the 
moift  particles  wandering  in  the  air ; and  accordingly,  leaving  the  cupel 
counterpois’d  to  cool  in  the  balance,  in  a fhort  time  it  began  fenfibly  to 
preponderate ; and  buffering  it  to  continue  there  for  nine  or  ten  hours,  I 
found  it  about  three  grains  heavier  than  before. 

9.  Steel  being  a metal  that,  as  experience  inform’d  me,  will  very  eafily 
be  wrought  on  by  fluids  of  a faline  nature,  ’twas  reafonable  to  expedt, 
that  flame  would  have  a greater  operation  on  it,  efpecially  if  it  were,  be- 
fore-hand, reduced  to  fmall  parts,  than  on  any  of  the  bodies  hitherto  de- 
feribed.  And,  accordingly,  four  drams  of  the  filings  of  fteel,  being  kept 
two  hours  on  a cupel,  under  a muffler,  acquired  one  dram,  fix  grains  and 
a quarter,  increafe  of  weight. 

10.  A piece  of  refined  filver,  being  put  upon  a cupel  under  a muffler, 
and  kept  there  for  an  hour  and  a half,  was  taken  out  and  weigh’d  again  ; 
and  as  before  it  weigh'd  three  drams,  thirty-two  grains  and  a quarter,  it 
now  weigh’d  in  the  fame  feales,  three  drams,  thirty-four  grains  and  a 
half. 


We 
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We  repeated  the  experiment  with  half  an  ounce  of  the  filings  of  filver,  Statics. 
well  refin’d  with  lead,  in  our  own  laboratory,  and  kept  them  about  three 
hours  upon  the  cupel ; when  taking  them  out,  we  found  them  of  a lefs 
pleafant  colour  than  before,  and  melted  into  a lump,  which  weigh’d  four 
drams  fix  grains. 

1 1.  We  took  a dram  of  the  filings  of  zink,  or  fpelter,  and  having  put 
it  upon  a cupel,  under  a muffler,  we  kept  it  there,  in  a cupelling  fire, 
for  about  three  hours  *,  then  taking  it  off,  we  found  it  to  be  caked  into  a 
brittle  dark-colour’d  lump,  which  look’d  as  if  the  filings  had  been  calci- 
ned. This  being  weigh’d  in  the  fame  fcales,  gain’d  full  fix  grains. 

1 2.  Among  our  various  trials,  upon  common  metals,  we  thought  fit  to 
make  one  or  two  upon  a metal  brought  us  from  the  Eaft- Indies , and  there 
called  Tutenag.  Two  drams  of  the  filings  of  tutenag,  being  put  upon  a 
cupel,  and  kept  under  the  muffler  for  about  two  hours,  the  filings  were 
not  melted  into  a lump  of  metal  •,  but  look’d  as  if  powder’d  cerufe  and  mi- 
nium had  been  mix’d  together  •,  fomeof  the  parts  appearing  diftindly  white, 
and  others  red  ; the  calx  being  put  into  the  balance,  appear’d  to  have 
gain’d  28  1- grains.  Another  time,  the  experiment  being  repeated  with 
the  like  circumftances,  we  found  that  two  drams  of  filed  tutenag,  gave 
almoft  the  like  increafe  of  weight.  So  that  this  Indian  metal,  feems  to 
have  acquir’d  more  in  the  fire,  in  proportion  to  its  weight,  than  any  we 
have  hitherto  made  trial  of. 

13.  To  confirm,  by  a clear  experiment,  that  in  all  cupellations,  the  lead 
then  employ’d,  does  not,  together  with  the  bafer  metals,  to  be  purg’d  off 
from  the  filver  or  gold,  fly  away  in  fmoke  ; we  took  two  ounces  of  good 
lead,  and  one  dram  of  filings  of  copper  *,  and  having  caus’d  a cupel  to  be 
ignited,  and  fuddenly  taken  out  of  the  furnace,  and  weigh’d  whilfi:  ’twas 
very  hot,  we  prefently  put  it  back,  together  with  the  two  metals  laid  on 
it  into  the  furnace:  where,  having  been  kept  for  about  two  hours,  it 
was  taken  out  again,  and  found  to  have  nothing  on  the  furface  of  it  worth 
weighing  diftindly  in  the  fcales,  wherein  the  cupel,  with  what  was  funk 
into  it,  amounted  to  four  ounces,  three  drams,  and  eleven  grains ; which 
wanted  but  nine  grains  of  the  whole  weight  of  the  cupel,  and  the  two  me- 
tals, when  they  were,  all  three  together,  committed  to  the  fire.  So  that 
tho’ we  make  a liberal  allowance  for  the  increafe  of  weight,  that  may,  with 
any  probability,  be  fuppofed  to  have  been  attain’d  by  the  cupel,  and 
what  was  put  upon  it,  yet  it  will  eafily  be  granted,  that  much  the  greater 
part  of  the  metals,  was  not  driven  off  in  fumes,  but  enter’d  into  the  fub- 
flance  of  the  cupel. 

After  having  fhewn,  that  either  flame,  or  the  analogous  effluvia  of  the 
Are,  will  be  incorporated  with  metals  and  minerals  expofed  naked  to 
its  action,  I thought  proper  to  try  whether  this  flame,  or  igneous  fluid, 
were  fubtile  enough  to  exercife  any  fuch  operation  upon  the  like  bodies, 
fhelter’d  from  its  immediate  contad,  by  being  included  in  clofe  veff 
fels. 


14.  We 


Even  tho ’ the 
bodies  be  not 
immediately 
expofed  to  it. 
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14.  We  took  an  ounce  of  new  filings  of  fteel,  and  having  included 
them  betwixt  two  luted  crucibles,  kept  them  for  two  hours  in  a ftrong 
fire,  and  fuffer’d  them  to  continue  there  till  the  fire  went  out ; the  cruci- 
bles being  unluted,  the  filings  appear’d  hard  caked  together,  had  acqui- 
red a dark  colour,  fomewhat  between  black  and  blue,  and  were  increafed 
five  grains  in  weight.  A t another  time,  an  ounce  of  filings  of  fteel,  being 
put  between  two  crucibles,  in  the  fame  manner,  after  they  had  been  kept 
about  an  hour  and  half  in  the  fire,  were  taken  out,  and  found  to  have 
gain’d  fix  grains  in  weight. 

15.  We  put  two  ounces  of  copper-plates  into  a new  crucible,  over  which 
a leffer  was  whelm’d,  and  luted  the  junctures  after  the  fame  manner,  two 
ounces  of  tin  were  included  betwixt  crucibles  *,  and  alfo  two  ounces  of  lead : 
and  all  thefe  being  put  into  the  cupelling  furnace,  were  kept  in  a ftrong 
fire,  for  about  an  hour  and  a half;  and  then  being  taken  out,  the  copper- 
plates, tho’  they  ftuck  together,  were  not  quite  melted  ; and  feem’d,  fome 
of  them,  to  have  acquir’d  fcales,  like  copper  put  into  a naked  fire  ; and  the 
two  ounces  had  gain’d  eight  grains  in  weight.  The  lead  had  broke  thro* 
the  bottom  of  the  crucible,  and  thereby  hinder’d  the  defign’d  obfervatiom 
The  tin  acquired  fix  grains  in  weight,  and  was,  in  part,  brought  to  a pure 
white  calx  •,  but  much  more  of  it  was  melted  into  a lump,  of  a fine  yel* 
low  colour,  almoft  like  gold,  but  deeper. 

1 6.  We  took  one  ounce  of  very  thin  copper- plates,  and  putting  them  be- 
twixt two  luted  crucibles,  we  kept  them  in  the  cupelling  furnace  for  about 
three  hours  ; and  then  disjoining  the  veftels,  we  found  the  metal  cover’d 
with  a dark  and  brittle  fubftance*,  which,  when  fcaled  oft,  difclofed  a 
finely  colour’d  metal,  that,  together  with  thefe  burnt  fcales,  amounted 
to  twenty-one  grains  above  the  weight  firft  put  in. 

1 7.  We  took  a piece  of  fine  block-tin,  in  weight  half  a pound  ; this  we 
put  into  a choice  glafs-retort,  and  kept  it  for  two  days  in  a fand  furnace  ; 
which  gave  heat  enough  to  keep  the  metal  in  fufion,  without  cracking  the 
glafs  : then  taking  out  the  mixture,  we  carefully  weigh’d  it  in  the  fame 
fcales,  and  found  the  fuperficies  a little  alter’d,  as  if  it  were  difpofed  to 
calcination  *,  and  the  weight  to  be  increafed  above  two  grains. 

And  alfo  after  18.  We  farther  try’d  how  much  lomebodies  would  increalein  weight,  by  the 
they  have  been  fire,  when  they  had  already  been  expofed  to  the  vehemence  of  it.  One  ounce 
of  calx  of  tin,  made  per  fe , being  put  in  a new  cupel,  and  kept  under  the 
muffler  for  about  two  hours,  was  taken  out  hot,  and  put  into  the  fcales, 
where  the  powder  appear’d  to  have  gain’d  in  weight,  one  dram,  thirty- 
five  grains,  by  the  operation  of  the  fire  ; which  made  it  alfo  look  much 
whiter  than  it  did  before. 

19.  Out  of  a parcel  of  filings  of  fteel,  that  had  been  before  expofed  to 
the  fire,  and  had  confiderably  increas’d  its  weight  thereby  ; we  took  an 
ounce,  and  having  expofed  them  at  the  fame  time  with  the  calx  of  tin,  and 
for  the  fiime  time  kept  them  in  the  fire,  we  took  them  out  at  the  two 
hours  end,  and  found  the  weight  to  be  increafed,  two  drams,  twenty-two 
grains.  The  filings  were  very  hard  caked  together,  and  the  lump  being 
broken,  look’d  almoft  like  iron.  20.  An 
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20.  An  ounce  and  four  drams  of  copper,  which  had  endured  a violent  Statics. 
fire  for  an  hour  and  half,  being  included  betwixt  two  crucibles,  and  ex-  L/Y\j 
pofed  to  a ftrong  fire  for  two  hours,  and  fuffer’d  to  continue  there  till 

the  fire  went  out,  appear’d,  thereby,  to  have  gain’d  ten  grains  in  weight, 
and  to  have,  upon  the  fuperficial  parts  of  the  plates,  feveral  dark- coloured 
flakes  ; fome  of  which  ftuck  to  the  metal ; but  more,  upon  handling  it, 
fell  off. 

21.  We  took  eight  ounces  of  block -tin,  which,  being  cut  into  bits,  was 
put  into  a good  round  vial,  with  a long  neck  ; and  then  warily  held  over 
quick-coals,  without  touching  them,  till  it  was  melted ; after  which,  it 
w7as  kept  almoft  continually  lhaking,  to  promote  the  calcination,  for  near 
an  hour*,  the  metal  being  all  the  while  in  fufion,  and  the  glafs  kept  at 
fome  difiance  from  the  coals.  For  the  greateft  part  of  this  time,  the  ori- 
fice of  the  vial  was  cover’d  with  a cap  of  paper,  to  keep  the  air,  and  fleams 
of  the  coals,  from  getting  into  the  neck : the  vial,  being  afterwards  re- 
mov’d from  the  fire,  was  broken,  and  the  metalline  lump  had  a little  darkifli 
calx,  here  and  there,  upon  the  upper  furface  *,  but  much  more  beneath, 
where  it  had  been  contiguous  to  the  bottom  of  the  glafs.  Then  putting  all 
this,  (carefully  freed  from  little  fragments  of  broken  glafs)  into  the  lame 
balance,  with  the  fame  counterpoife  I had  ufed  before,  I found  an  increafe 
of  weight,  amounting  to  eighteen  grains,  which  the  tin  had  acquired  by 
this  operation. 

22.  We  then  feparated  the  calx  *,  and  having  melted  the  metal  in  a cru- 
cible, that,  by  pouring  it  out,  it  might  be  reduced  into  thin  plates,  capa- 
ble of  being  cut  in  pieces,  and  put  into  fuch  another  vial  as  the  former, 
we  weigh’d  it  again,  together  with  the  referved  calx,  but  found,  that 
notwithftanding  all  our  care,  we  had  loft  three  grains  of  the  eighteen 
gained  before.  This  done,  we  put  the  metal  into  another  vial;  which 
having  a ftopple  of  paper,  to  keep  out  fmoke  and  air,  was  held  at 
fome  diftance  from  the  coals,  only  whilft  the  tin  was  melting  ; being 
afterwards  warily  laid  upon  them,  and  kept  there  for  two  hours;  at  the 
end  of  which,  it  was  again  taken  off,  and  the  metal  weigh’d  with  the  fame 
counterpoife,  and  balance,  as  before;  and  then  it  amounted  to  eight 
ounces,  twenty-four  grains;  and  had  much  more  feparable  calx,  than  at 
the  firft  time. 

Nor  did  I much  wonder,  that  the  weight  fhould  be  increafed,  in  this 
laft  operation,  but  nine  grains,  in  two  hours;  and  in  the  former  twice  as 
many,  in  half  the  time  ; fince,  during  the  two  hours  the  glafs  was  kept 
in  one  pofture:  but,  in  the  firft  operation,  it  was  almoft  perpetually  fha- 
ken,  during  the  time  it  was  kept  in  fufion  ; for  it  is  obferved,  that  the 
agitation  of  melted  minerals,  will  much  promote  the  effect  of  the  fire 
upon  them,  and  conduce  to  their  calcination. 

23.  But  to  prevent  all  fufpicion  of  any  increafe  of  weight,  in  the  me- 
tals, arifing  from  fmoke,  or  faline  particles,  getting  in  at  the  mouth  of  the 
vefiel,  I made  the  experiment  in  glafles,  hermetically  fealed,  as  follows. 

Eight  ounces  of  good  tin,  carefully  weigh’d,  wc  hermetically  feal’d  up  in 

Vo  l.  II.  Eee  a new 
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Statics,  a newfmall  retort,  with  a long  neck,  by  which  it  was  held  in  the  hand  near 
a charcoal  fire,  that  kept  the  metal  in  fufion  •,  being  now  and  then  fhakem 
for  almofl  half  an  hour  •,  in  which  time,  it  feem’d  to  have  acquir’d,  on  the 
furface,  fuch  a dark  colour,  as  argued  a beginning  calcination  ; and  it. 
both  emitted  fumes  that  played  up  and  down,  and  alfo,  afforded  two  or 
three  drops  of  liquor,  in  the  neck  of  the  retort.  Theglafswas,  atlength, 
laid  on  quick-coals,  where  the  metal  continued  above  a quarter  of  an 
hour  longer  in  fufion  ; but,  befote  the  time  was  come,  that  I intended,  to 
iuffer  it  to  cool,  in  order  to  its  removal,  it  fuddenly  broke,  into  a great 
multitude  of  pieces,  and  with  a noife,  like  the  report  of  a gun.  In  the 
neck  we  found  fome  drops  of  a yellowifh  liquor,  which  had  an  odious  and 
peculiar  tafle  ; its  fmell  alfo,  was  very  fetid,  not  unlike  the  diflilled  oil  of 
frfh. 

24.  Some  tin,  which  had  been  before,  partly  calcined  in  a glafs,  being 
melted  again  in  a crucible,  we  weigh’d  out  juft  eight  ounces,  and  thei? 
we  put  into  a bolt  head  of  white  glafs,  with  a neck  above  twenty  inches 
long,  which  being  hermetically  fealed,  after  the  glafs  had  been  a while 
kept  over  the  fire  left  it  fhould  break  by  the  rarifa&ion  of  the  air,  the 
metal  was  kept  in  fufion  for  an  hour  and  a quarter.  Being  unwilling 
to  venture  the  glafs  any  longer,  it  was  taken  from  the  href  and  when 
grown  cold,  the  fealed  end  was  broken  off  ; but  before  I could  have  the 
bottom  cut  out,  I obferved,  that  the  upper  furface  of  the  metal  was  very 
darkly  colour’d,  and  very  irregularly  rough  •,  and  the  lower  part  had,  be- 
tween the  bottom,  and  the  under  fide  of  the  lump,  a pretty  deal  of  loofe 
dark-colour’d  calx,  tho’  the  neighbouring  furface,  and  fome  places  of  the 
lump  itfelf,  look’d,  by  candle-light,  of  a golden  colour.  The  lump,  and 
calx  together,  were  weigh’d  in  the  fame  fcales  carefully,  when  we  found 
the  weight  to  have  increafed  above  twenty-three  grains  ; tho’  all  the  calx 
we  could  eafily  feparate,  being  weigh’d  by  itfelf,  amounted  not  to  eighty 
grains. 

25.  Two  ounces  of  filings  of  tin,  were  carefully  weigh’d,  and  put  into 
a little  retort,  whofe  neck  was  afterwards  drawn  {lender  to  a very  fmall 
apex;  then  the  glafs  was  placed  on  kindled  coals,  which  drove  out  fumes 
at  the  fmall  orifice  of  the  neck,  fora  pretty  while.  Afterwards,  the 
glafs,  being  fealed  up  at  the  apex,  was  kept  in  the  fire  for  above  two 
hours;  and  then  being  taken  oft,  was  broken  at  the  fame  apex:  where- 
upon I heard  the  external  air  rufh  in,  becaufe,  when  the  retort  was  fealed, 
the  air,  within  it,  was  highly  rarified.  Then  the  body  of  the  glafs  being 
broken,  the  tin  was  taken  out,  confifting  of  a lump,  about  which  there 
appear’d  fome  grey  calx,  and  fome  very  fmall  globules,  which  feem’d  to 
have  been  filings  melted  into  that  form.  The  whole  weigh’d  two  ounces, 
and  twelve  grains.  In  the  neck  of  the  retort,  where  it  was  join’d  to  the 
body,  there  appear’d  a yellowifh,  and  clammy  fubftance,  thinly  fpread, 
which  fmelt  almoft  like  the  fetid  oil  of  tartar. 

26.  We  took  one  ounce  of  the  filings  of  zink,  carefully  weighed  ; and 
having,  as  carefullv,  put  them  into  a round  bolt-glafs,  we  caufed  the  neck 
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to  be  drawn  out  very  (lender,  and  then  order’d  it  to  be  let  upon  quick  Statics. 
coals,  where  being  kept  for  four  hours,  there  appear’d  for  great  part  of 
the  time  fmoke  to  afcend  from  the  zink,  and  get  out  at  the  unftopt  apex  ; 
and  I obferv’d  that  the  upper  part  of  the  glafs  was  lined  with  a darkifli 
grey  fublimate.  The  glafs  being  dexteroufly  cut  afunder,  we  took  out, 
not  only  the  filings  of  zink,  fome  of  which  were  melted  into  little  glo- 
bules, but  the  jlores  too  ; yet  weighing  all  thefe  in  the  fame  fcales  we  had 
ufed  before,  we  found  above  five  grains  wanting  of  an  ounce. 

27.  Having  carefully  weigh’d  out  four  ounces  of  good  lead  cut  into 
little  pieces,  I put  them  into  a ffnall  retort  with  a long  neck,  wherein  was 
afterwards  left  only  an  orifice  not  much  bigger  than  a pin’s-head  •,  this 
glafs  was  kept  over  and  upon  the  coals  for  above  two  hours,  and  then  fup- 
pofing  the  danger  of  the  glafs’s  breaking  to  be  over,  we  feal’d  it  up  at  the 
little  orifice,  and  kept  it  on  the  coals  for  two  hours  longer  ; before  we 
broke  the  glafs  I perceiv’d  the  pieces  of  lead  to  have  been  melted  into  a 
lump,  whofe  furface  was  dark  and  rugged,  and  part  of  the  metal  to  have 
been  turn’d  into  a dark-colour’d  powder,  or  calx  *,  all  this  being  taken 
out  of  the  retort,  was  weigh’d  in  the  fame  balance,  whereon  the  lead  ap- 
pear’d to  have  gain’d  by  the  operation  fomewhat  above  13  grains. 

28.  To  fhew  that  metals  are  not  the  only  bodies  capable  of  receiving 
an  increafe  of  weight  from  the  fire,  we  feal’d  up  two  drams  of  little  bits 
of  good  red  coral  hermetically  in  a thin  bubble  of  glafs,  and  kept  them 
warily  at  feveral  times  over  and  upon  kindled  coals  ; and  at  length  be- 
ing taken  out,  found  them  of  a very  dark  colour,  and  to  have  gain’d  in 
weight  about  three  half  grains. 

29.  And  having  taken  very  ftrong  frelh  quick-lime,  provided  on  pur- 
pofe  for  choice  experiments,  and  expofed  it,  before  the  air  had  time  to 
flake  it,  upon  the  cupel,  to  a ftrong  fire,  where  it  was  kept  for  two  hours, 

I found  that  it  had  increas’d  in  weight  beyond  my  expectation  ; for  being 
feafonably  put  into  the  balance,  the  lumps  that  weigh’d  when  expofed 
but  two  drams,  amounted  to  two  drams  and  29  grains  \ hence  it  appears, 
that  notwithstanding  a body  may  for  many  hours,  or  even  for  fome  days, 
be  expofed  to  a very  violent  fire,  yet  it  may  be  (till  capable  of  admitting 
and  retaining  frefli  corpufcles  ; fo  that  tho*  well  made  lime  be  ufually  ob- 
ferv’d to  be  much  lighter  than  the  (tones  whereof  it  is  made,  yet  the  iight- 
nefs  does  not  neceifarily  prove,  that  becaufe  a burnt  lime- (tone  has  loft 
much  of  its  matter  by  the  fire,  it  has  therefore  acquir’d  no  matter  from 
the  fire  ; but  only  infers,  that  it  has  loft  far  more  than  it  has  got  *,  and 
this  may  give  ground  to  fufpeCt,  that  in  rnoft  of  the  foregoing  trials,  the 
accefs  of  the  fiery  particles  was  greater  than  the  balance  difcover’d  ; fince, 
for  ought  we  know,  many  of  the  lefs  fix’d  particles  of  the  expofed  body 
might  be  driven  away  by  the  vehemence  of  the  heat*  and  confequently  the 
fiery  corpufcles  that  faften’d  themfelves  to  the  remaining  matter  might  be 
numerous  enough,  not  only  to  give  the  additional  weight  found  by  the 
fcales,  but  to  make  amends  for  all  the  fugitive  particles  that  had  been  ex- 
pelPd  by  the  fire.  And  fince  fo  fix’d  a body  as  quick-lime  is  capable  of 
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being  wrought  upon  by  the  fiery  effluvia,  fo  that  they  come  to  be  as  it 
were  incorporated  with  it,  perhaps  in  other  calcin’d  or  incinerated  bodies, 
the  remaining  calces  or  allies  may  retain  more  than  the  bare  imprefiion  of 
the  fire.  By  this  experiment,  and  thofe  made  in  feal’d  retorts,  which  fhew, 
that  what  is  afforded  by  fire,  may  in  a corporeal  way  invade,  adhere,  and 
add  weight  even  to  fix’d  and  ponderous  bodies,  there  is  a large  field  open- 
ed for  the  fpeculative  to  apply  the  difcovery  to  many  phenomena  of  na- 
ture and  chymiftry. 

SECT.  II. 

Glafs  pervious  r |M  O obviate  fome  fcruples  that  might  be  entertain’d  upon  this  circuni- 
* part* of  flame  A ftance  of  our  experiments,  that  the  glaffes  employ’d  about  them 
J * were  not  expofed  to  the  action  of  mere  flame,  but  held  upon  charcoal,  I 
attempted  to  make  them  fucceed  with  a body  fo  thin,  and  difengao’d  from 
grofs  matter,  as  mere  flame  is  allow’d  to  be. 

i.  Suppofing  then  that  good  common  fulphur,  by  reafon  of  its  great 
inflammability,  and  the  vehemency  and  penetrancy  of  its  flame,  would  be 
a very  fit  fewel  for  my  purpofe,  I provided  a fmall  double  veflfel,  fo  con- 
triv’d, that  the  one  part  fhould  contain  as  many  coals  as  were  neceflary  to 
keep  the  fulphur  melted  ; and  the  other,  which  was  much  fmaller,  and 
lhaped  like  a pan,  fhould  contain  the  brimftone  requifite  for  our  trial ; 
and  that  thefe  two  fhould  be,  with  a convenient  lute,  fo  join’d  to  one  ano- 
ther, that  all  being  clofed  at  the  top,  except  the  orifice  of  the  little  pan, 
the  fire  and  fmoke  of  the  coals  having  their  vent  another  way,  no  fire 
fhould  come  at  the  retort  to  be  employ’d,  but  the  flame  of  the  burning 
brimftone  j then  two  ounces  of  filings  of  tin  being  carefully  weigh’d  out, 
and  put  into  a glafs  retort  provided  for  fuch  trials,  and  made  fit  to  be 
eaflly  feal’d  up  at  the  neck,  the  fulphur,  which  ought  to  be  of  the  purer 
fort,  was  kindled,  and  the  glafs  by  degrees  expofed  to  it,  where  that  con- 
tinu’d near  two  hours  before  the  metal  melted  *,  after  which  the  retort  was 
there  kept  on  near  an  hour  and  a half  more,  with  the  metal  melted  in  it ; 
then  perceiving  a pretty  deal  of  darkifh  calx  at  the  bottom,  and  partly 
too  upon  the  furface  ol  the  lar  greater  portion  of  the  metal,  which  now 
Jay  in  one  lump,  the  part  of  the  retort  which  had  been  feal’d  being  bro- 
ken oft,  we  firft  took  out  the  calx,  and  next  the  lump,  and  putting  them 
into  the  fcales  they  had  been  formerly  weigh’d  in,  we  found  them  to  have 
acquired  four  grains  and  a half.  The  experiment  was  afterwards  repeat- 
ed with  the  lame  quantity  of  filings  of  the  fame  metal,  and  at  the  end  of 
the  operation,  which  in  all  lafted  fomewhat  above  three  hours,  having 
broken  oft’  the  feal’d  neck  of  the  retort,  we  found  that  a large  proportion 
of  dark- colour’d  calx  had  been  produc’d  , and  this  being  weigh’d  writh 
the  uncalcin’d  part  of  the  metal,  the  two  ounces  we  firft  put  in  appear’d  to 
have  acquired  no  lefs  than  eleven  and  a half. 
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Such  fuperftrudlures  may,  pofilbly,  in  time,  be  built  on  this  and  the  Statics. 
like  experiments,  that  I lhall  here  obviate  even  a fcruple,  which  appears  L/W' 
too  fceptical.  But,  confidering  that  tho’  it  were  very  improbable,  yet 
pofiible,  that  the  increafe  of  weight  acquired  by  bodies  expofed  in  glafs 
veffcls  to  the  fire,  might  proceed  not  from  the  corpufcles  of  fire,  but 
from  the  particles  of  glafs  itfelf,  loofened  by  the  power  of  fo  intenfe  an 
heat,  and  forcibly  driven  into  the  inclofed  body  *,  I took  two  glaffes, 
the  one  fhaped  into  a little  retort,  and  having  weigh’d  them,  kept  them 
for  a confiderable  time  upon  kindled  coals,  and  then  weigh’d  them  again, 

1 could  gather  little  of  certainty  from  the  experiment  *,  ( the  retort  at 
one  time  leeming  to  have  acquired  above  half  a grain  in  the  fire  ) only 
that  there  was  no  likelihood  at  all,  fo  confiderable  an  increafe  of  weight, 
as  we  feveral  times  obtained  in  clofed  vefifels,  fhould  proceed  from  the 
glafs  itfelf,  and  not  from  the  fire. 

2.  We  carefully  weighed  out  an  ounce  of  the  filings  of  block-tin,  and 
put  them  into  a glafs  retort,  whofe  neck  was  afterwards  drawn  out  {len- 
der; we  alfo  provided  fuch  a convenient  metalline  lamp,  that  the  flame  of 
the  fpirit  burnt  in  it,  might  not  melt  or  crack  the  glafs.  This  lamp,  tho’ 
furni fil’d  with  a cotton  wieck,  afforded  no  foot  ; becaufe,  as  long  as  it 
was  well  fupplied  with  liquor,  it  remain’d  unburnt.  Thefe  things  being 
in  readinefs,  the  retort  was  warily  approached  to  the  flame,  and  the  metal 
thereby  in  a fhort  time  melted.  After  which,  the  glafs  being  kept  expo- 
fed  to  the  fame  flame,  for  near  two  hours,  the  feal’d  apex  of  the  retort  was 
broken  off ; when  there  appear’d  to  have  been  produced  a confiderable 
quantity  of  calx,  that  lay  loofe  about  the  remaining  part  of  the  tin,  which 
upon  its  growing  cold  was  harden’d  into  a lump.  This  and  the  calx  be- 
ing taken  out  of  the  retort,  with  care,  that  no  little  fragment  of  glafs  fhould 
impofe  upon  us,  it  was  weigh’d  in  the  fame  fcalesas  formerly,  and  found  to 
have  gain’d  4 - grains,  befides  the  duft  that  ftuck  to  the  infide  of  the  re- 
tort ; of  which  we  reckon’d  enough  to  make  about  half  a grain  more:  fo 
that  of  fuch  a fine  and  pure  flame  as  of  this  totally  ardent  fpirit,  enough 
to  amount  to  the  five  grains  was  arrefted,  and,  in  good  meafure,  fixed, 
by  its  operation  on  the  tin. 

23.  For  confirmation  of  the  laft  experiment,  wherein  we  had  employed 
the  inflammable  fpirit  of  fugar,  we  made  the  like  with  highly  re&ified 
fpirit  of  wine ; only  fubftituting  an  ounce  of  lead  inftead  ofone  of  tin  The 
event  was,  that  after  the  metal  had  been,  for  above  two  hours,  kept  in 
the  flame,  the  feal’d  neck  of  the  retort  being  broken  off,  the  external  air 
rufli’d  in  with  noife ; and  we  found  above  feven  fcruples  of  lead  turned  into 
a greyifh  calx  ; which,  together  with  the  reft  of  the  metal,  being  weigh’d 
again,  fix  grains  appear’d  to  be  gain’d  by  the  operation.  Thefe  feven 
fcruples  of  calx  being  weighed  in  air  and  water,  I found,  that  tho’  the  abn 
folute  gravity  of  the  metal  had  been  increafed  by  the  particles  of  flame 
which  ftuck  faft  to  it  ; yet  this  aggregate  of  lead,  and  extinguifhed  flame, 
had  loft  much  of  its  fpecific  gravity : for  lead  is  to  water  of  the  fame  bulk, 
as  about  1 1 * to  1 ; whilft  this  fubtile  calx  of  lead  was  to  water  of  the  fame 
bulk,  but  as  to  9 to  1.  Now 
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Now  whence  can  this  increafe  of  abfolute  weight,  obferv’d  in  the  me- 
tals  expofea  to  the  mere  flame,  be  deduced,  but  from  fome  ponderous  parts 
of  the  flame?  And  how  could  thefe  parts  invade  thofe  of  the  metal  in- 
“clofed  in  a glafs,  otherwife  than  by  pafling  thro*  the  pores  of  that  glafs? 

But  I do  not,  by  thefe  experiments,  pretend  to  make  out  the  porofity 
of  glafs,  any  farther  than  with  regard  to  fome  of  the  ponderable  parts  of 
flame*,  for,  otherwife,  glafs  is  not eafily  penetrable. 

That  fame  may  Upon  the  whole,  it  appears,  ift.  That  flame  may  be  a menftruum,  and 
aft  as  a men-  work  on  fome  bodies,  not  only  by  making  a notable  comminution,  and  dif- 
firuum , and  fipation  of  their  parts,  but,  alfo,  by  a coalition  of  its  own  particles  with  thofe 
^UhtheToTies0^  ^retted  bocly » and  thereby  permanently  add  fubflance  and  weight 
it  works  on.  thereto.  Nor  is  it  repugnant  to  flame’s  being  a menftruum,  that  in  our 
experiment,  the  lead  and  tin  expofed  to  it,  were  but  reduced  to  powder, 
and  not  diflolved  in  the  form  of  a liquor,  and  kept  in  that  ftate.  For  be- 
fides  that  the  interpofed  glafs  hinder’d  the  igneous  particles  from  getting 
thro’  in  plenty  enough,  ’tis  not  neceflary  that  all  menftrua  fhould  be  fuch 
folvents.  For  whether  it  be,  that  the  menftrua  we  think  Ample,  maybe 
compounded  of  very  different  parts,  whereof  one  may  precipitate  what  is 
diflolved  by  the  other,  or  for  fome  other  caufe  *,  it  is  certain,  that  fome 
menftrua  corrode  metals  and  other  bodies,  without  keeping  any  conflde- 
rable  part  diflolved  ; as  may  be  feen  if  you  put  tin  to  a certain  quantity  of 
Aquafortis,  which  will,  in  a very  fhort  time,  reduce  it,  almoft  totally,  to  a 
very  white  fubftance,  that,  when  dry,  is  a kind  of  calx.  And  fo,  with  a 
due  proportion  ofoilofvitriol,abftra<fted  fromquick-filver,  by  aftrong  fire, 
we  have  feveral  times  reduced  the  main  body  of  the  mercury  into  a white 
powder,  whereof  but  an  inconfiderable  part  was  difloluble  in  water.  And 
fuch  a white  calx  I have  had,  by  the  adtion  of  another  fretting  liquor  on 
a body  not  metalline.  But  whether,  as  it  feems  probable,  it  be  from  the 
vehement  agitation  of  the  permeating  particles  of  flame,  that  violently  tear 
afunder  the  metalline  corpufcles  *,  or,  from  the  nature  of  the  igneous  men- 
ftruum, which  being,  as’twere,  (train’d  thro’ glafs  itfelf,  muft  beftrangely 
minute  *,  ’tis  worth  obferving  how  fmall  a proportion,  in  point  of  weight, 
of  the  additional  adhering  body,  may  ferve  to  corrode  a metal,  in  compa- 
rifon  of  the  quantity  of  vulgar  menftrua  requiflte  for  that  purpofe.  For, 
tho’  we  are  oblig’d  to  employ,  to  make  the  folution  of  crude  lead,  feveral 
times  its  weight  of  fpirit  of  vinegar,  or  a large  proportion  of  Aqua  fortis  *, 
’twas  obferv’d  in  our  experiment,  that  tho’  the  lead  was  increased  but  fix 
grains  in  weight,  yet  above  a hundred  and  twenty  of  it  were  fretted  into 
powder*,  fo  that  the  corrofive  body  appear’d  to  be  but  about  the  twentieth 
part  of  the  corroded. 

That  calces  of  2dly,  Another  confequence  deducible  from  our  difcovery  of  the  psr- 
metals  are  the  vioufnefs  of  glafs  to  flame,  may  be  this,  that  there  is  caufe  to  queition 
magif  tries  of  the  truth  of  what  is  generally  taken  for  granted  about  calcination  ; and 
particularly  of  the  notion  thatchymifts  have  entertain’d  about  the  calces 
of  metals  and  minerals.  For  it  does  not  appear,  by  our  trials,  that  any 
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fhe  calcination  ; but  it  appears  very  plainly,  that,  by  this  operation,  theSTATics. 
metals  gain’d  more  weight  than  they  loft : fo  that  the  main  body  of  the 
metal  remain’d  entire,  and  was  far  from  being  either  elementary  earth, 
or  a compound  of  earth  and  fix’d  fait.  From  which  very  erroneous  hy- 
pothefis,  the  chymifts  infer  the  fweet  vitriol  of  lead,  which  they  call  Sac- 
charum  Saturni , to  be  but  the  fweet  fair  of  it,  extra&ed  only  by  the  fpirit 
ol  vinegar,  which  does  indeed  plentifully  concur  to  compofe  it.  Whence, 

I conclude,  that  the  calx  of  a metal,  even  made  per  fe , that  is,  by  fire 
alone,  mav  be,  at  lead  in  fome  cafes,  not  the  Caput  mortuum , or  Terra, 
damnata , but  a magiftery  of  it.  For,  in  the  fenfeof  the  mod  intelligible 
ol  the  chymical  writers,  that  is  properly  a magidery  wherein  the  principles 
are  not  feparated  *,  but  the  bulk  of  the  body  being  preferved,  it  acquires 
a new  and  convenient  form,  by  the  addition  of  the  mendruum,  or  folvent, 
employ’d  about  the  preparation.  Befides,  I have  feveral  times  from  the 
calx  of  lead  reduced  adual  lead.  And  having  once  taken  but  about  a 
third  or  fourth  part  of  the  calx  of  lead,  produced  by  the  flame  of  fpi- 
rit of  wine,  I lound,  that  without  any  flux-powder,  or  other  addition, 
but  merely  by  the  application  of  the  flame  of  highly  redtify’d  fpirit  of 
wine,  there  would,  in  a fhort  time,  be  obtain’d  a confiderable  proportion 
of  malleable  lead;  whereof  the  part  I examin’d  was  truly  fo. 

3dly,  One  ufe,  among  the  red,  we  may  make  of  the  loregoing  difco  The  effetts  of 
very,  regards  a controverfy  among  the  corpufcular  philofophers.  ^Orfireuponbodtes9 
fome  of  them  think,  that  when  bodies  are  expofed  in  clofe  veflels  to  the  wholly  ow- 
fire,  tho’  the  igneous  corpufcles  do  not  day  with  the  bodies  they  invade  ; ing  to  the  agi - 
yet  they  really  get  thro’  the  pores  of  the  interpofed  veflels,  and  permeate  tation  of  the. 
the  included  bodies  in  their  pafiage  upwards  *,  whild  others  will  not  allow^*^’ 
the  igneous  corpufcles,  which  they  take  to  be  but  vehemently  agitated  par- 
ticles of  terredrial  matter,  to  penetrate  fuch  minute  pores  as  thofe  of  glafs ; 
but  fuppofe  the  operation  of  the  fire  to  be  perform’d  by  the  vehement 
agitation  made  of  the  fmall  parts  of  the  glafs,  and  by  them  propagated 
to  the  included  bodies  ; whofe  particles,  by  this  violent  commotion,  are 
greatly  alter’d. 

But  tho’  it  be  probable,  that  the  brifk  agitation  communicated  by  the- 
fmall  parts  of  »he  glafs  to  thofe  of  the  body  contain’d  in  it,  may  contribute 
much  to  theeffedt  of  the  fire  ; and  tho’,  by  the  fmall  increafe  of  weight 
we  found  in  our  expofed  metals,  ’tis  very  likely  that  far  the  greater  part 
of  the  flame  was  excluded  by  the  clofe  texture  of  the  glafs  *,  yet,  on  the 
other  fide,  ’tis  plain,  that  igneous  par  icles  pafs’d  thro’  the  glafs,  and  not 
o .ly  divided  and  agitated  the  included  bodies,  but  manifeftly  and  perma-v 
nently  adhered  to  them. 

4thly,  We  receive  this  further  information  from  our  experiments,  that  Particle s ex - 
bodies  very  fpirituous,  fugitive,  and  minute,  may,  by  being  afibciated  v°bh 
with  proper  particles,  tho’  of  quite  anothernature,  fo  change  their  former^J*^.  yw/th 
qualities,  as  to  be  arrefted  by  a folid  and  ponderous  body,  to  that  de-  others ,quitelofe 
gree,  as  not  to  be  driven  away  from  it  by  a fire  intenfe  enough  to  melt  Meir  volatile 
and  calcine  metals.  For  the  foregoing  trials  feem  plainly  to  difcover,  *3' 
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that  even  the  agitated  parts  of  flame,  minute  enough  to  pafs  through  the 
pores  of  glafs  itfelf,  were  fome  way  entangled  among  the  metalline  par- 
ticles of  tin  and  lead ; and  thereby  brought  to  be  fo  fix’d,  as  to  endure  the 
heat  that  kept  thofe  metals  in  fufion,  and  gradually  reduced  them  to 
calces:  a phenomenon  that  one  would  not  eafily  look  for;  efpecially  con- 
fidering  how  Ample  a texture  that  of  lead  or  tin  may  be,  in  comparifon 
of  the  more  elaborate  ftru&ures  of  many  other  bodies.  And  this  pheno- 
menon, which  Ibews  us  what  light  and  fugitive  particles  of  matter  may 
permanently  concur  to  the  compofition  of  ponderous  and  fix’d  bodies, will, 
perhaps,  afford  ufeful  hints  to  the  fpeculative  ; efpecially,  if  this  flridt 
combination  of  a fpirituous  and  fugitive  fubftance  with  fuch  as  being  grofs 
and  unweildy,  are  lefs  fit  than  organized  matter  to  entangle  or  detain 
them,  be  apply’d,  as  it  may  be,  with  advantage,  to  thofe  aggregates  of 
fpirituous  corpufcles,  and  organical  parts,  that  make  up  the  bodies  of 
plants  and  animals.  And  this  hint  may  fuggeft  a confiderable  inference  to 
be  drawn  from  the  operation  of  the  fun-beams  on  appropriated  fubje&s; 
fuppofing  it  to  prove  like  that  of  flame  on  tin  and  lead.* 


* The  following  queries  of  Sir  Ifaac  New- 
ton, give  us  the  belt  light  we  have  into 
the  nature  of  fire  and  flame.  “ Is  not,” 
fays  that  great  Philosopher,  “ fire  a body, 
“ heated  fo  hot,  a 5 to  emit  light  copiouf- 
“ ly  ? For  what  elfe  is  a red-hot  iron 
“ than  fire  ? And  what  elfe  is  a burning 
“ coal  than  red  hot  wood  ? Is  not  flame 
“ a vapour,  fume,  or  exhalation,  heated 
“ red  hot ; that  is,  fo  hot  as  to  fhine  ? 
“ For  bodies  do  not  flame  without  emit- 
ting  a copious  fume;  and  this  fume  burns 
“ in  the  flame.  The  Ignis  fatuus  is  a vapour, 
“ fhining  without  heat:  and  is  there  not 
“ the  fame  difference  between  this  vapour 
“ and  flame , as  between  rotten  wood, 
“ fhining  without  heat,  and  burning  coals 
“ of  fire  ? In  dillilling  hot  Spirits,  if  the 
“ head  of  t he  (till  be  taken  off,  the  vapour 
“ which  afeends  out  of  the  Hill  will  take 
“ fire  at  the  flame  of  a candle  and  turn 
“ into  flame  ; and  the  flame  will  run  a- 
“ long  the  vapour,  ftom  the  candle  to  the 
“ Hill  - Some  bodies,  heated  by  motion 
“ or  fermentation,  if  the  heat  grow  in- 
“ tenfe,  fume  copiouily ; and  if  the  heat 
“ be  great  enough,  the  fumes  will  fhine, 
“ and  become  flame.  Metals,  in  fufion, 
“ do  not  flame  for  want  of  a copious 
“ fume.  Salt  petre  fumes  copioufly,  and 
“ thereby  flames.  All  flaming  bodies,  as 
“ oil,  tallow,  wax, wood,  foflil,  coals,  pitch, 
“ and  fulphur,  by  flaming  walle,  and  vanifh 
into  burning  fmoke;  which  fmoke,  if 


€<  the  flame  be  put  out,  is  very  thick,  and 
“ vifible  ; and  Sometimes  Smells  ftrongly  : 
" but,  in  the  flame,  it  lofes  its  Smell,  by 
“ burning:  and,  according  to  the  nature 
“ of  the  fmoke,  the  flame  is  of  feveral  co- 
“ lours;  as  that  of  fulphur,  blue;  that  of 
“ copper,  open’d  with  Sublimate,  green  ; 
“ that  of  tallow,  yellow;  that  of  camphire, 
“ white.  Smoke  palling  thro’  flame,  can- 
“ not  but  grow  red-hot ; and,  red-hot 
“ fmoke,  can  have  no  other  appearance 
“ than  that  of  flame.  When  gun-powder 
“ takes  fire,  it  goes  away  into  flaming 
**  fmoke.  For  the  charcoal  and  fulphur, 
“ eafily  take  fire , and  fet  fire  to  the 
“ nitre ; and  the  fpirit  of  the  nitre  being 
“ thereby  rarify’d  into  vapour,  rufhes  out, 
“ with  explofion,  much  after  the  manner 
“ that  the  vap'our  of  water  rufhes  out  of 
**  an  aeolipile;  the  fulphur,  alfo,  being  vo- 
“ latile,  is  converted  into  vapour,  and 
“ augments  the  explofion.  And  the  acid 
“ vapour  of  the  fulphur,  namely,  that 
“ which  diftils  under  a glafs- bell,  into  oil 
“ of  fulphur,  entering  violently  into  the 
“ fixed  body  of  the  nitre.  Sets  loo fe  the 
“ fpirit  of  the  nitre,  and  excites  a great 
“ fermentation,  whereby  the  heat  is  far- 
“ ther  augmented,  and  the  fixed  body  of 
“ the  nitre  is  alfo  rarified  into  fume ; 
“ and  the  explofion  is,  thereby,  made 
“ more  vehement,  and  quick.  For,  if  fait 
**  of  tartar  be  mixed  with  gun-powder, 
“ and  the  mixture  be  warm’d  till  it  takes 
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fire,  the  explofion  will  be  more  violent, 
and  quick,  than  that  of  gun  powder  a- 
<t  lone  ; which  cannot  proceed  from  any 
“ other  caufe,  than  the  a&ion  of  the  va- 
“pour  of  the  gun-powder  upon  the  fait 
“ of  tartar,  whereby  the  fait  is  rarified. 
“ The  explofion  of  gun-powder  arifes , 
“ therefore , from  the  violent  a&ion  , 
whereby  all  the  mixture,  being  quickly 
“ and  vehemently  heated,  is  rarified,  and 
“ converted  into  fume  and  vapour  ; which 
“ vapour,  by  the  violence  of  that  aftion, 
“ becoming  fo  hot  as  to  lhine,  appears  in 
**  the  form  of  flame.” 

The  following  query  is  fo  beautiful,  and 
opens  fuch  a glorious  fcene,  that  I fhould 
be  tempted  to  add  it,  tho’  it  bore  a lefs  re- 
lation than  it  does,  to  the  prefent  fubjeft. 

“ Do  not  ” continues  the  fame  great  au- 
thor, “ large  bodies  conferve  their  heat  the 
■“  longelt  ; their  parts  heating  one  ano- 
“ ther  ? And  may  not  a great,  denfe,  and 
“ fixed  body,  when  heated  beyond  a cer- 
<e  tain  degree,  emit  light  fo  copioufly,  as, 
“ by  the  emiflion,  and  re-a£lion  of  its  light, 
and  the  reflexions,  and  refra&ions  of  its 
rays,  within  its  pores,  to  grow  Hill  hot- 
“ ter,  till  it  comes  to  a certain  period  of 
heat;  fuch  as  is  that  of  the  fun?  And 
<f  are  not  the  fun  , and  fixed  ftars,  great 
“ earths,  vehemently  hot ; whofe  heat  is 
“ conferved  by  the  greatnefs  of  the  bodies, 
<(  and  the  mutual  adion,  and  re-adion  be- 
“ tween  them,  and  the  light  which  they 
“ emit ; and  whofe  parts  are  kept  from 
“ fuming  away,  not  only  by  their  fixity, 
“ but,  alfo,  by  the  vail  weight  and  denfity 
**  of  the  atmofpheres,  incumbent  upon 
4‘  them  ; and  very  Arongly  comprefling 
**  them,  and  condensing  the  vapours  and 


“ exhalations  which  arife  from  them  ? For  STATICS 
“ if  water  be  made  warm,  in  any  pellucid 
“ vefiel  emptied  of  air,  that  water,  in  the 
“ vacuum,  will  bubble  and  boil,  as  vehe- 
“ mently  as  it  would  in  the  open  air,  in  a 
“ veflel  fet  upon  the  fire,  till  it  conceives 
“ a much  greater  heat.  For  the  weight  of 
“ the  incumbent  atmofphere,  keeps  down 
“ the  vapours,  and  hinders  the  water  from 
“ boiling,  till  it  grow  much  hotter  than 
<e  is  requifite  to  make  it  boil  in  vacuo. 

“ Alfo,  a mixture  cf  tin  and  lead,  being 
“ put  upon  a red-hot  irO/D,  in  vacuo , emits 
“ a fume  and  flame;  but  the  fame  mix- 
“ ture,  in  the  open  air,  by  reafon  of  the 
incumbent  atmofphere, does  not  fo  much 
“ as  emit  any  fume,  which  can  be  percei- 
(<  ved  by  fight.  In  like  manner,  the  great 
“ weight  of  the  atmofphere,  which  lies 
“ upon  the  globe  of  the  fun,  may  hinder 
“ bodies  there  from  riling  up,  and  going 
“ away  from  the  fun,  in  the  form  of  va- 
“ pours,  and  fumes,  unlefs  by  means  of  a 
“ far  greater  heat  than  that  which,  on  the 
“ fui face  of  our  earth,  would  very  eafily 
<e  turn  them  into  vapours  and  fumes.  And 
“ the  fame  great  weight  may  condenfe 
“ thofe  vapours,  and  exhalations,  as  foon 
“ as  they  fhall,  at  any  time,  begin  to  af- 
“ cend  from  the  fun,  and  make  them  pre- 
“ fently  fall  back  again  into  him  ; and,  by 
<e  that  a&ion,  increafe  his  heat,  much  after 
“ the  fame  manner  that,  on  our  earth,  the 
“ air  increafes  the  heat  of  a culinary  fire. 

“ And  the  fame  weight  may  hinder  the 
“ globe  of  the  fun  from  being  diminilh’d  ; 
t(  unlefs  by  the  emiflion  of  light,  and  a 
“ very  fmall  quantity  of  vapours  and  txha- 
“ lations.  Newton.  Optic,  p.  316,-319. 
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PREFACE. 

PNeumatics  is  that  part  of  univerfal  philofoph y,  which  confiders  the  proper- 
ties, the  ufe,  and  effects,  of  the  air  \ the  fluid  we  breathe,  and  which  is 
absolutely  neceffary  to  maintain  the  life  of  animals, 

This  is  a fubjeii , therefore , that  cannot  but  be  highly  ufeful  to  inquire  into : 
and -herein  Mr,  Boyle  appears  to  have  exercifed  himfelf  more  than  any  pbilofo- 
pher  before  his  time  or  fince.  Indeed , the  antients  had  no  notion  of  this  part 
ofphilofophy  ; and  feem  to  have  never  dream? d of  an  engine  wherewith  to  draw  the 
air  from  veffels , and  prevent  its  return  into  them.  Otto  Gueric,  the  famous 
conful  of  Magdeburg,  firft,  unlefs  we  except  Friar  Bacon,  hit  upon  an  expedient 
to  do  it ; and  from  a hint  of  this  it  was , that  Mr.  Boyle,  improving  on  the 
defign  of  the  conful,  originally  contrived  his  air-pump : a machine , to  which  we  are 
indebted  for  the  folution  of  many  phenomena  in  nature  \ and  momentous  difcoveries 
in  the  fluid , which  of  all  external  ones,feems  to  be  the  mo  ft  familiar  and  ufeful  to 
us.  A man  of  an  ordinary  capacity , poffefs'd  offuch  an  engine  as  this , would  have 
been  perplexed  to  know  what  ufe  to  make  of  it  but  fucb  a genius  as  Mr.  Boyle, 
could  not  but  apply  it  to  noble  and  fervic e able  pur pofes.  In  veffels  of  glafs,  em- 
ptied of  air  by  its  means,  he  foon  included  a great  variety  of  proper  fubjeffs,  one 
after  another  ; of  which  he  had  before -hand  wrote  down  a long  catalogue.  And 
as  this  engine  was  at  firft  imp  erf  ell,  but  afterwards  received  confiderable  im- 
provements, at  different  times,  I am  induced  to  let  all  the  experiments  made 
with  it  by  Mr.  Boyle,  ftand  in  the  order  wherein  he  wrote  them,  rather  than 
to  range  them  under  fever  al  heads.  For  thus  they  give  the  hiftory  of  the  air-pump 
and  its  improvements  from  time  to  time : but  if  the  other  method  had  been  taken , 
the  advantage  ofthefe  experiments  muft  have  been  loft  in  their  hiftorical  capacity ; 
which  would  prove  a greater  inconvenience  thorn  the  feen&ng  diforder  wherein  they 
now  occur:  efpecially  confidering,  that  this  may  eafily  be  remedied,  by  means  of 
the  index . 

Numerous  are  the  experiments  made  by  Mr.  Boyle,  with  this  engine  but  ft  ill 
there  may  be  fomething  left  for  future  puilofophers  to  do  with  it,  befedes  repeating, 
varying,  and  confirming  his  trials.  The  air-pump,  as  3 Lis  now  made,  has  many 
advantages  over  even  the  beft  which  was  employ'd  hy  Air.  Boyle  : it  is  fo  much 
more  manageable,  commodious , and  exact,  ( efpecially  as  improved  by  that  excellent 
mechanic,  Mr.  HaukfbeeJ  its  apparatus  is  fo  well  failed  for  all  exigencies  of 
experiments  \ and  the  whole  comes  on  fuch  eafy  terms,  in  companfon  of  what  it 
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cofl  cur  generous  philofopher,  that  if  it  were  only  to  be  witnefs  of  the  fur  prizing  dtf- 
coveries  he  made  with  it,  'tis  pity  any  well- wi (her  to  philofophy  Jhould  be  without 
it. 

But  were  this  inflrumeni  in  more  general  ufe-,  and  would  men  of  invention  fit 
themfelves  to  contrive  new  experiments  for  it,  who  knows  what  farther  light  it 
7?iight  afford  us  and  in  producing  how  many  other  effects  of  nature,  the  air  would 
appear  to  be  concern'd ? 5 the  late  Mr.  Haukfbee  made  fever  al  experiments  with 
it,  which , perhaps , Mr.  Boyle  himfilf  never  thought  of-,  tho 9 he  evidently  con- 
trived a large  number  -,  which,  for  want  of  a fit  opportunity , convenient  glaffes,  and 
other  apparatus,  he  could  never  fee  the-event  of  tfhe  fubjeCl,  therefore,  ap- 
pears far  from  being  exhaufted : the  air  pump  is  a fruitful  engine,  andfeems 
fitted  to  examine  almofi  all  the  productions  of  nature : and  there  are  many 
things  in  philofophy  that  cannot  be  done  without  it.  'Twas  this  which  lately  open'd 
a new  field  of  Knowledge,  and  greatly  afffted  Mr.  Boyle  to  introduce  or  revive 
the  mechanical  philofophy  this  evidently  help'd  to  overthrow  the  dodrine  of  na- 
ture's dread  of  a Vacuum,  by  which  the  modijh  philofophy  of  his  time,  falfely  ac- 
counted for  abundance  of  phenomena  -,  to  this  is  owing  the  greateft  part  of  thofi 
noble  experiments,  which  appear  under  the  following  head  of  Pneumatics  i and 
laftly,  to  this  we  owe  fome  furprizing  difioveries  of  Sir  Ifaac  Newton,  and  a 
,great  Jhare  of  the prefint  fyftem  of  philofophy. 
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Spring  and  Ejfeffis  of  the  A IR. 


SEC  T.  I. 


HE  air  is  fo  neceflary  to  life , that  moft  creatures  which  The  origin -of- 
breathe  cannot  fubfift  for  many  minutes  without  it ; and  mod  the  -air-pump* 


of  the  natural  bodies  we  deal  with,  being,  as  well  as  our  own, 
almoft  perpetually  contiguous  to  it,  the  alterations  thereof  have  a ma- 
nifeft  fhare  in  many  obvious  effe<5ts,  and  particularly  in  diftempers ; 
wherefore  a farther  inquiry  into  the  nature  of  this  fluid,  will  probably 
ihew,  that  it  concurs  to  exhibit  abundance  of  phenomena,  wherein  it  has 
hitherto  feem’d  little  concern’d.  So  that  a true  account  of  any  new  ex- 
periment,  upon  a thing  whereof  we  have  fuch  a conftant  and  neceflfary 
ufe,  may  prove  advantageous  to  human  life. 

With  this  view,  before  ever  I was  inform’d  that  Otto  Gueric , the  in- 
genious conful  of  Magdeburg , had  pra&ifed  a way  in  Germany  of  emp- 
tying glafs  veflels  of  the  air,  I had  made  experiments  on  the  fame 
foundation  *,  but  as  that  gentleman  firft  produced  confiderable  effe&s 
by  this  means,  I acknowledge  the  afliftance  and  encouragement  which 
the  report  of  his  performances  afforded  me. 

But  as  few  inventions  happen  to  be  com  pleat  at  the  firft,  fo  the  engine 


employ’d  by  the  conful,  feem’d  very  defective  in  its  contrivance  ; whence 


but  little  more  could  be  expected  from  it,  than  thofe  very  few  pheno- 
mena obferved  by  the  author,  and  related  by  Schottus . 1 therefore  put 

Mr.  Hook  upon  contriving  an  air-pump,  more  manageable  and  convenient, 
that  might  not,  like  the  German-t ngine,  require  to  be  kept  under  water  •, 
and  after  fome  unfuccefsful  attempts,  he  fitted  me  with  one,  confiding  of 
two  principal  parts,  a glafs  veflel,  and  a pump  to  evacuate  the  air. 
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Pneumatics 


Fig.  30 
The  air-pump 
defcrited. 


The  firfl  is  a glafs  A,  with  a large  mouth,  a cover  thereto,  and  a flop- 
cock  fitted  to  the  neck  below.  This  would  contain  30  quarts  of  water. 
B C,  the  mouth  of  it,  is  about  lour  inches  in  diameter,  and  lurrounded  with 
a glafs  lip,  ahnoft  an  inch  high,  for  the  cover  to  reft  on  ; whe;  :in  D E,  is  a 
brafs  ring,  to  cover,  and  be  ccmented-bn  to  the  lip  B C.  To  the  internal 
orifice  of  this  ring,  a glafs  (topple  is  fitted,  to  keep  out  the  external  air* 
In  the  middle  of  this  cover  is  a hole  H I,  half  an  inch  in  diameter,  in- 
circled  with  a ring,  or  focket ; to  which  is  adapted  a brafs  (topple  K, 
to  be  turned  round,  without  admiting  the  lead  air.  In  the  lower-end 
of  this,  is  a hoie  8,  to  admit  a firing,  8,  9,  10  ; which  alfo  pafTes  thro* 
a fmall  brafs  ring  L,  fixed  to  the  bottom  of  the  floppte  F G,  to  move 
what  is  contained^  in  the  exhaufled  veflel,  or  receiver.  Tnat  the  (top- 
cock  N,  in  the  firfl  figure,  might  perfedly  exclude  the  air,  we  fattened 
a thin  tin-plate,  MTV  W,  to  the  (hank  of  the  cock  X,  all  along 
the  neck  of  the  receiver,  with  a cement  made  of  pitch,  rofin,  and 
wood-afhes,  poured  hot  into  the  cavity  of  the  plate  ; and  to  prevent 
the  cement  from  running  in  at  the  orifice  Z,  of  the  (hank  X,  it  was 
ftopt  with  a cork  fixed  to  a firing,  that  it  might  be  drawn  out 
at  the  upper  orifice  of  the  receiver ; and  then  the  neck  of  the  glafs? 
being  made  warm,  was  proffed  into  the  cement,  which  thus  filled  the 
interflices  betwixt  the  tin-plate  and  the  receiver,  and  betwixt  the  receiver 
and  the  (hank  of  the  cock. 

The  lower  part  of  our  engine  confifls  of  a fucking- pump,  fupportesd  by 
a wooden  frame,  with  three  legs  111,  fo  contrived,  that,  for  tli€  freer 
motion  of  the  hand,  one  fide  of  it  may  (land  perpendicular  •,  and  a*crofs  the 
middle  of  the  frame  we  nail’d  a piece  of  board  222,  to  which  the  principal 
part  of  the  pump  is  fixed.  The  pump  confifls  of  an  exa&  (Irong  concave 
cylinder  of  brafs,  fourteen  inches  long,  its  cavity  three  inches  in  dia- 
meter; to  which  a fucker,  4455,  is  adapted,  made  up  of  two  parts ; one 
of  which  44,  is  lefs  in  diameter  than  the  cavity  of  the  cylinder,  with  a thick 
piece  of  tann’d  leather  nailed  on  it,  whereby  it  excludes  the  air.  The 
other  part,  a thick  iron  plate  55,  is  firmly  joined  to  the  middle  of  the 
former,  and  is  a little  longer  than  the  cylinder;  one  edge  of  it  being 
fmooth,  and  the  other  indented,  to  receive  the  teeth  of  a lmall  iron-nut 
<t  $ y,  fixed  by  two  flaples  to  the  underfide  of  the  board  nailed  a-crofs  22, 
on  which  the  cylinder  Hands ; and  is  turned  by  the  handle  7. 

The  lafl  part  of  the  pump  is  the  valve  R,  a hole  at  the  top  of  the  cylin- 
der, and  taper  towards  the  cavity  ; -to  this  is  fitted  a brafs-plug,  to  be 
taken  out  as  occafion  requires.  The  engine  being  thus  contrived,  fome 
oil  mufl  be  pour’d  in  at  the  top  of  the  receiver  upon  the  flop-cock,  to  fill 
up  the  interflices  of  its  parts,  and  that  the  key  S,  may  turn  with  thegreat- 
er  eafe.  A quantity  of  oil,  alfo,  mufl  be  left  in  the  cylinder,  to  prevent 
the  air  from  getting  betwixt  that  and  the  fucker ; for  the  like  reafons, 
fome  mufl,  likewife,  be  applied  to  the  valve. 

And  here  it  is  proper  to  obferve,.  that  when  weufed  oil,  or  water,  fepa- 
rately,  for  this  purpofe,  and  they  have  not  anfwered  the  end,  a mixture 
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of  the  t\Vo*has  afterwards  proved  effectual.  And,  that  the  air  may  notPlCE°MATIC 
enter  betwixt  the  brafs-cover  and  the  ring,  ’twill  be  convenient  to  lay 
fome  diachylon- plainer  on  their  edges  with  a hot  iron.  That  no  air,  alfo, 
may  remain  in  the  upper  part  of  the  cylinder,  the  handle  is  to  be  turn’d 
till  the  fucker  rifes  to  the  top  ; and  then,  the  valve  being  Unit,  it  is  to  be 
drawn  down  to  the  bottom  *,  by  which  means,  the  air  being  driven  out  of 
the  cylinder,  and  a fuccefuon  from  without  prevented,  the  cavity  of  the 
cylinder  mull  be  empty  of  air;  fo  that  when  the  flop-cock  is  turn’d  to 
afford  a communication  betwixt  the  receiver  and  the  cylinder,  part  of  the 
air  before  lodg’d  in  the  receiver,  will  be  drawn  down  into  the  cylinder; 
which  by  turning  back  the  key,  is  kept  from  entering  the  receiver  again, 
and  may,  by  unfeopping  the  valve,  and  forcing  up  the  fucker,  be  driven 
into  the  open  air  ; and  fo,  by  repeated  exfudlions  out  of  the  receiver,  and 
expulfions  out  of  the  cylinder,  the  vefiel  may  be  exhaufled  as  the  experi- 
ment requires*. 

1.  Upon 


* The  air-pump  has  receiv’d  great  im- 
provements fince  the  time  of  Mr.  Boyle,  and 
feems  brought  to  its  utraoil  degree  of  fim- 
plicity  and  perfedtion,  by  the  late,  and  the 
prefent  Mr.  Hauksbee.  Thisinflrument,  as’tis 
now  made,  by  Mr.  Hauksbee , con- 
* fills  of  two  brafs-cylinders,  a a a a, 
twelve  inches  high,  and  two  their  internal 
diameter.  The  emboli  are  raifed , and 
deprefled,  by  turning  the  winch  bb,  back- 
ward and  forward.  This  winch  is  fallen’d 
to  a fpindle , pa  fling  through  a lanthorn, 
whofe  pins  ferve  for  cogs,  laying  hold  of 
the  teeth  of  the  racks  c c c c ; fo  that  one  is 
deprefled,  and  the  other  elevated  recipro- 
cally. By  this  means  the  valves,  made  of 
limber  bladder,  and  fix’d  on  the  upper 
part  of  each  embolus,  and  at  the  bottom 
of  the  cylinders,  mutually  exhauil  and  dif- 
charge  the  fame  air  from  the  receiver : 
which  becoming  nearly  empty,  the  pref- 
fure  of  the  external  air  on  the  defeending 
embolus  is  fo  great,  that  the  power  re- 
quired to  raife  the  other,  need  but  little 
furmount  the  fridlion  of  the  moving  parts ; 
whence  this  pump  becomes  preferable  to 
all  others.  The  bottoms  of  the  barrels  lie 
in  a brafs  difh  t id,  its  Aides  two  inches 
high,  containing  water  to  keep  the  lea- 
ther-collars, on  which  the  cylinders  fland, 
xnoill ; whereby  the  air  is  precluded.  The 
cylinders  are  ferew’d  hereon  by  the  nuts 
e e e e,  which  force  the  frontifpiece  ff, 
down  upon  them;  thro’  which  pafs  the 
two  pillars  g g g g.  Each  pillar  has  an  item 
Vol.  II. 


belonging  to  it,  pafling  from  them  in  the 
form  of  a fvvan’s  neck  g g ; thefe  irons 
being  failened  to  the  hind  part  of  the 
frame,  to  prevent  their  {flaking.  Between 
the  two  barrels,  rifes  a hollow  brafs  wire 
b h hh,  communicating  with  each  of  them, 
by  means  of  a perforated  piece  of  brafs, 
lying  horizontally  from  one  to  the  other. 
The  upper  end  of  this  wire  is  faften’d  to 
another  piece  of  perforated  brafs,  ferew’d 
on  below  the  plate  i i i i,  which  is  ten 
inches  over;  having  a brafs  rim  folder’d 
on  it , that  it  may  contain  water.  Be- 
tween the  middle  and  the  fide  of  this 
plate,  rifes  a fmall  pipe  k , about  an  inch 
and  half  high,  thro’  which,  into  the  hol- 
low wire,  pafies  all  the  air  into  the  bar- 
rels from  .the  receiver.  Upon  the  plate  of 
the  pump  is  always  laid  a wet  leather, 
for  the  receivers  to  fland  on.  This  leather 
prevents  the  air’s  getting  into  the  glafles, 
whofe  edges  are  ground  true  ; and  ferves 
for  this  purpofe  vaftly  beyond  any  cement 
whatever.  Another  excellence  in  this 
pump,  is  the  gage  1 1 1 1,  a glafs  tube  about 
thirty-four  inches  long,  fo  placed,  that  it 
cannot  eafily  be  damaged,  or  prove  in- 
convenient. Its  lower  orifice  is  immerfed 
in  a glafs  of  quick-filver  m m ; on  the  furface 
whereof  is  a perforated  piece  of  cork  for 
the  tube  to  pafs  thro’.  On  this  cork  is 
placed  a board  of  box-wood,  about  an  inch 
in  breadth,  and  grooved  in  the  middle 
to  receive  the  tube,  which  is  looped  on 
thereto,  that  it  may  rife  and  fall  as 
G g g the 
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Pneumatics  i#  Upon  drawing  down  the  fucker  of  our  engine,  whilft  the  valve  is 
SomepEenme-  ^ut5  c^e  cylindrical  fpace  deferted  by  it  will  be  left  empty  of  air;  and, 
therefore,  upon  turning  the  key,  the  air  contain’d  in  the  receiver  rufhes 
Solved . into  the  cylinder,  till,  in  both  veflels,  it  be  brought  to  an  equal  dilatation  ; 

fo  that,  upon  fhutting  the  receiver,  turning  back  the  key,  opening 
the  valve,  and  forcing  up  the  fucker  again,  almoft  a whole  cylinder  of  air 
will  be  driven  out  after  this  firfb  exfu&ion ; but,  after  every  fucceeding 
ftroke,  lefs  air  will  come  out  of  the  receiver  into  the  cylinder : fo  that,  at 
length,  the  fucker  will  rife  almoft  to  the  top  of  the  cylinder,  before  the 
valve  need  be  open’d.  And  if,  when  it  is  fo  exhaufted,  the  handle  of  the 
pump  be  let  go,  and  the  valve  be  flopp’d,  the  fucker,  by  the  force  of  the 
external  air,  which  is  an  over-balance  to  the  internal  rarify’d  air,  will  be 
forced  to  the  upper  part  of  the  cylinder,  and  higher,  in  proportion,  as  the 
air  is  more  exhaufted  *.  We  obferv’d,  alfo,  that,  whilft  any  confide- 
rable  quantity  of  air  remains  in  the  receiver,  a brifk  noife  is  immediately 
produced,  upon  turning  the  key. 

The  Spring  and  But  to  render  our  experiments  the  more  intelligible,  we  mu  ft  premife, 
prejjure  cj  the  that  the  air  abounds  in  elaftic  particles,  which  being  preffed  together  by 
air  explain'd.  thejr  own  weight,  conftantly  endeavour  to  expand  and  free  themfelves  from 
that  force;  as  wool,  for  example,  refills  the  hand  that  fqueezes  it,  and 
contracts  its  dimenfions ; but  recovers  them  as  the  hand  opens,  and  en- 
deavours at  it,  even  whilft  that  is  fhut.  It  may  be  alledg’d,  that  tho*  the 
air  confifts  of  elaftic  particles,  yet  this  only  accounts  for  the  dilatation  of 
it  in  pneumatical  engines,  wherein  it  hath  been  compreffed,  and  its  fpring 
violently  bent,  by  an  external  force ; upon  the  removal  whereof,  it  expands, 
barely  to  recover  its  natural  dimenfions;  whilft,  in  our  experiments,  the  air 
appears  not  to  have  been  compreffed,  before  its  fpontaneousdilatation.  But, 
we  have  many  experiments  to  prove,  that  our  atmofphere  is  a heavy  body, 
and  that  the  upper  parts  of  it  prefs  upon  the  lower.  And  I found  a dry 
lamb’s  bladder,  containing  two  thirds  of  a pint,  and  comprefs’d  by  a 
pack-thread  tied  about  it,  to  lofe,  in  a very  tender  balance,  i ± grain  of 


the  mercury  afcends  or  defcends  in  the  gage. 
To  the  upper  part  of  this  tube  is  cemented 
a brafs-head,  that  fits  into  the  perforated  brafs- 
piece,  fcrew’d  on  under  the  plate,  and  com- 
municating both  with  the  receiver,  and  the 
hollow  brafs-wire  hbb  b.  The  box  board 
is  graduated  into  inches  and  quarters,  from 
the  furface  of  the  quick-filver  to  twenty- 
eight  inches  high ; and  thence  ’tis  divided 
into  tenths.  By  this  means,  the  degrees 
of  rarifattion  may,  at  all  times,  be  nicely 
obferved  in  an  experiment.  The  air-cock 
ny  which  lets  in  the  air,  is,  likewife,  a 
fcrew  on  the  fame  perforated  brafs , in 
which  the  upper  parts  of  the  gage,  and 
the  hollow  wire,  are  inferted.  o o o o re- 


prefents  a receiver,  (landing  on  the  plate  of 
the  pump  ; on  whofe  upper  part  p p,  thro* 
a box  of  leather-collars,  pafles  a flip  of  wire, 
to  take  up,  let  fall,  or  fufpend  any  thing 
in  the  receiver,  without  admitting  the  air. 

* The  original  air  in  the  receiver,  is  al- 
ways to  the  remainder,  as  the  fum  of  the 
capacity  of  the  veflel  of  the  pump,  raifed 
to  the  power,  whofe  exponent  is  equal  to 
the  number  of  the  ftrokes  of  the  fucker,  to 
the  capacity  of  the  veflel  rais’d  to  the  fame 
power.  See  this  demonflrated  by  M.  Varia- 
tion. Memoir,  de  I'Academ . A.  1705.  p. 
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its  former  weight,  by  the  recefs  of  the  air,  upon  pricking  it.  Suppofing,  Pneumatics 
therefore,  that  the  air  is  not  deftitute  of  weight,  ’tis  eafy  to  conceive,  that 
the  part  of  the  atmofphere  wherein  we  Jive,  is  greatly  comprefs’d  by 
thofe  dire&ly  over  it,  to  the  top  of  the  atmofphere.  And  tho’  the  height 
of  this  atmofphere,  according  to  Kepler , fcarce  exceeds  eight  miles,  yet  la- 
ter aftronomers  extend  it  fix  or  feven  miles  farther.  The  learned  Ricciolo 
makes  it  reach  fifty  miles  high.  So  that  a column  of  air,  feveral  miles  in 
height,  preffingupon  fome  elaflic  particles  of  the  fame  fluid  here  below, 
may  eafily  bend  their  little  fprings,  and  keep  them  bent;  as  if  fleeces  of 
wool  were  piled  to  a vaft  height  upon  one  another,  the  hairs  of  the  low- 
eft  locks  would,  by  the  weight  of  all  the  incumbent  parts,  beftrongly  com- 
prefs’d. Hence  it  is,  that  upon  taking  off  theprefliire  of  the  incumbent 
air,  from  any  parcel  of  the  lower  atmofphere,  the  particles  of  the  latter 
poflefs  more  fpace  than  before.  If  it  be  farther  objected  againfl:  this  con- 
denfation  of  the  inferior  air,  that  we  find  this  fluid  readily  yields  to  the 
motion  of  flies,  feathers,  &c.  we  may  reply,  that  as  when  a man  fqueezes 
wool  in  his  hand,  he  feels  it  make  a continual  reflflance  ; fo  each  parcel  of 
the  air,  about  the  earth,  conftantly  endeavours  to  thruft  away  fuch  conti- 
guous bodies  as  keep  it  bent,  and  hinder  the  expanfion  of  its  parts:  which 
will  fly  out  towards  that  part,  where  they  find  the  leaft  reflflance.  And, 
fince  the  corpufcles  whereof  the  air  conflfls,  tho’  of  a fpringy  nature,  are 
fo  very  fmall,  as  to  compofe  a fluid  body,  ’tis  eafy  to  conceive,  that  here, 
as  mother  fluids,  the  component  parts  are  in  perpetual  motion,  whereby 
they  become  apt  to  yield  to,  or  be  difplaced  by  other  bodies ; and  that  the 
fame  corpufcles  are  fo  varioufly  mov’d,  that,  if  fome  attempt  to  force  a bo- 
dy one  way,  others,  whole  motion  had  an  oppoflte  determination,  as 
ftrongly  prefs  it  the  contrary  way  *,  whence  it  moves  not  out  of  its  place ; 
the  prefliire,  on  all  fldes,  being  equal.  For  if,  by  the  help  of  our  en- 
gine, the  air  be  drawn  only  from  one  fide  of  a body,  he,  who  thinks  to 
move  that  body,  as  eafily  as  before,  will,  upon  trial,  find  himfelf  mifta- 
ken. 

2.  Thus,  when  our  receiver  is  tolerably  exhaufted,  the  b ra Is  Hopple  in 
the  cover  is  fo  difficult  to  lift,  that  there  feems  to  be  fome  great  weight 
faften’d  to  the  bottom  of  it:  for  the  internal  air  being,  now,  very  much 
dilated,  its  fpring  mult  be  greatly  weakned ; and,  confequently,  it  can  but 
faintly  prefs  againfl:  the  lower-end  of  the  Hopple,  whilft  the  fpring  of  the 
external  air  keeps  it  down,  with  its  full  natural  force.  And,  astheairisgra- 
dually  admitted  into  the  receiver,  the  weight  is  manifeflly  felt  to  decreafe ; 
till,  at  length,  the  receiver  being  again  fill’d  with  air,  the  ftopple  may  be 
eafily  lifted. 

It  may  feem  furprizing,  that  we  fpeak  of  the  air  ffiut  up  in  our  re- 
ceiver, as  of  the  preflure  of  the  atmofphere ; though  the  glafs  manifeflly 
keeps  the  incumbent  pillar  of  air  from  preffing  upon  that  within  the  vefiel. 

But,  let  us  confider,  that  if  a fleece  of  wool,  by  preflure,  be  thus  diredlly 
reduced  into  a narrow  compafs,  and  convey’d  into  a clofe  box,  tho’  the 
former  force  ceafes  to  bend  its  numerous  fpringy  parts,  yet  they  continue 
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Pneumatics as  fj-rongiy  bent  as  before  ; becaufe  we  fuppofe  the  including  box  refills 
t-bdr  expanfion,  as  much  as  the  force  that  crowded  them  in.  Thus  the 
air,  being  fhu.t  up  in  our  glafs  when  its  parts  are  bent  by  the  whole  weight 
of  the  incumbent  atmofphere,  tho’  that  weight  can  no  longer  prefs  upon 
it  ; yet  the  corpufcles  of  the  internal  air  continue  as  forcibly  bent,  as  be- 
fore they  were  included.  If  it  be  faid,  that  the  continual  endeavour  it  has 
to  expand  itfelf,  ought  then  to  break  the  glafs,  we  mult  obferve,  that  the 
expanfive  force  of  the  internal  air,  is  balanc’d  by  preffure  of  the  external, 
which  preferves  the  glafs  intire  ; as,  by  the  fame  means,  thin  large  bub- 
bles made  with  foapy  water,  will,  for  fome  time,  continue  whole  in  the 
open  air. 

3.  And  though,  by  help  of  the  handle,  which  is  a lever,  the  fucker 
may  eafily  be  drawn  down  to  the  bottom  of  the  cylinder  ; yet,  without 
fuch  a mechanic  power,  the  fame  effect  could  not  be  produced,  but  by  a 
force  able  to  furmount  the  preffure  of  the  atmofphere  : as  in  the! Torri- 
cellian experiment,  if  the  column  of  mercury  be  too  high,  it  will  fubfide, 
till  its  weight  be  a balance  to  the  preffure  of  the  air.  Hence  we  need  not 
wonder,  that  tho*  the  fucker  move  eafily  in  the  cylinder,  by  means  of  the 
handle,  yet  if  that  be  taken  off,  it  will  require  a confiderable  force  to 
raife  or  drprefs  it.  Nor  will  it  feem  flrange,  that  if,  when  the  valve, 
and  flop-cock  are  exadlly  clofed,  the  fucker  be  drawn  down,  and  then 
the  handle  let  loofe,  that  the  fucker,  as  of  itfelf,  re-afcends  to  the  top 
of  the  cylinder;  fince  the  fpringof  theexternal  air,  finds  nothing  to  refift  its 
preffure  upon  the  bottom  of  the  fucker.  And,  for  the  fame  reafon,  when 
the  receiver  is  almoft emptied,  tho’,  the  fucker  being  drawn  down,  the  paf- 
fage  from  the  receiver  to  the  cylinder  be  open’d,  and  then  flopp’d  again, 
the  fucker  will,  upon  the  letting  go  the  handle,  be  forcibly  carried  up,  al- 
mofltothetop  of  the  cylinder;  becaufe  the  air  within  the  cylinder,  be- 
ing equally  dilated  and  weakned  with  that  of  the  glafs,  is  unable  to  re- 
fill the  preffure  of  theexternal  air,  till  it  be  crowded  into  fo  little  fpace, 
that  both  their  forces  are  in  equilibrium.  So  that,  in  this  cafe,  the  fucker 
isdrawn  down  with  little  lefs  difficulty,  than  if,  the  cylinder  being  defli- 
tute  of  air,  the  limp-cock  were  exadlly  fhut.  It  muff  alfo  be  obferved, 
that  when  the  fucker  hath  been  impell’d  to  the  top  of  the  cylinder,  and 
the  valve  is  fo  carefully  flopp’d,  that  no  air  remains  in  the  cylinder,  above 
the  fucker  ; if,  then,  the  fucker  be  drawn  to  the  lower  part  of  the  cylin- 
der, no  greater  difficulty  is  found  to  deprefs  the  fucker,  when  nearer  the 
bottom  of  the  cylinder,  than  when  it  is  much  farther  from  it.  Whence 
it  appears  that  the  preffure  of  the  external  air,  is  not  increas’d  upon  the 
acceffion  of  the  air  driven  out ; which,  to  make  itfelf  room,  forceth  the 
contiguous  air  to  a violent  fub-ingreffion  of  its  parts,  as  fome  fuppofe  ; for 
otherwife  the  fucker  would  be  more  refilled  by  theexternal  air  as  it 
comes  lower;  more  of  the  difplaced  air  being  thrufl  into  it,  to  comprefs 


JB  ladders  dila- 
ted by  the 
Spring  of  the 

air * 


It.  V o : 

4.  We  took  a large  lamb's  bladder,  well  dry’d,  and  very  limber,  and 
leaving  in  it  about  half  the  air  it  would  contain,  we  ftrongly  tied  the  neck 
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of  it*,  then  conveying  it  into  the  receiver,  the  pump  was  worked-,  andPNV^*^ICS 
after  two  or  three  ftrokes,  the  imprifoned  air  began  to  fwell  in  the  blad- 
der,  and  continued  to  do  fo,  as  the  receiver  was  farther  exhaufted,  till  at 
length,  the  bladder  appeared  perfectly  turgid.  Then,  by  degrees,  allow- 
ing the  external  air  to  return  into  the  receiver,  the  diftended  bladder 
fhrunk  proportionably,  grew  flaccid,  and,  at  laft,  appeared  as  full  of 
wrinkles  as  before. 

And  to  try  whether  the  a&ual  elafticity  of  the  fibres  of  the  bladder  had 
any  (hare  in  this  effedt,  we  let  down  to  the  former,  two  fmaller  bladders, 
of  the  fame  kind  ; the  one  not  tied  up  at  the  neck,  that  the  air  it  con- 
tained might  pa  fs  into  the  receiver  the  other,  with  its  fides  flretched  out, 
and  prefied  together,  that  it  might  hold  the  lefs  air,  and  then  flrongly 
tied  up  at  the  neck  m,  and,  whilft  the  firft,  upon  working  the  pump,  ap- 
peared every  way  diftended  to  its  full  dimenfions,  neither  of  the  others 
were  remarkably  fwelled ; and  that  whofe  neck  was  left  loofe,  feemed 
very  little  lefs  wrinkled  than  when  firft  put  in. 

We  made,  likewife,  aftrong  ligature  about  the  middle  of  a long  bladder, 
emptied  of  its  air  in  part,  but  left  open  at  the  neck  j and,  upon  exhaufting 
the  receiver,  obferved  no  fuch  fwelling  betwixt  the  ligature,  and  the 
neck,  as  betwixt  the  ligature  and  the  bottom  of  the  bladder,  where  air 
was  included. 

5.  We  hung  a dry  bladder,  well  tied  and  blown  moderately  full,  in  the  And  burft  by 
receiver,  by  a firing  fatten’d  to  the  infide  of  the  cover  and,  upon  exhauft-  the  fame. 
ingtheglafs,  the  included  air  firft  diftended  the  bladder,  and  then  burft 
it,  as  if  it  had  been  forcibly  tornafunder. 

This  experiment  was  repeated  with  the  like  fuccefs;  and  the  bladder 
burfting,  long  before  the  receiver  was  fully  exhaufted,  gave  a great  re- 
port. 

But  it  was  often,  in  vain,  that  we  tried  to  burft  bladders,  after  this 
manner,  becaufe  they  were  commonly  grown  dry,  before  they  came  to 
our  hands  whence,  if  we  tied  them  very  hard,  they  were  apt  to  fret,  and 
fo  become  unferviceable  ; and,  if  tied  but  moderately  hard,  their  ftifthefs 
kept  them  from  being  clofed  fo  exa&ly,  that  the  air  fhould  not  get  out 
into  the  receiver.  We  found,  alfo,  that  a bladder  moderately  filled  with 
air,  and  ftrongly  tied,  being  held  for  a .while,  near  the  fire,  grew  exceed- 
ing turgid  a n/d,  afterwards,  being  brought  nearer  to  the  fire,  fuddenly 
burft,  with  fo  loud  and  vehement  a noife,  as  made  us  almoft  deaf  for  fome 
time  after.* 

6.  Having 


* M.  Amen  tons  (hews,  that  the  fame  de- 
gree of  tot,  how  filial!'  fceve'r,  may  per- 
petually increafe  the  force  < f the  air’s 
fpring,  provided  that  air  be  continually 
prefied  bv  a weight  Hill  greater  and  great- 
er ; and  that  any  parcel  of  air,  how  fmall 


foever,  may  perpetually  increafe  the  force 
of  its  fpring,  by  a fmall  degree  of  heat  ; 
provided  this  air  be  more  and  more  pref- 
fed  continually.  The  fame  gentleman,  al- 
fo, found  by  experience,  that  the  heat 
of  boiling  water,  which  he  fhews  to  be  the 

greateft 


414 

Pneumatics 


*The  dilatation 
of  air  by  its 
fpring , me  a fa- 
red* 
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6.  Having  thus  found,  that  the  air  hath  an  elaftic  power,  we  were  de- 
firous  to  know  how  far  a parcel  of  that  fluid  might  be  dilated  by  its  own 
fpring. 

We  thoroughly  wetted  a limber  lamb’s  bladder,  in  water,  that  the  fides 
of  it  being  fqueezed  together,  no  air  might  be  left  in  its  folds,  and  ftrong- 
ly  tied  the  neck  of  it  about  that  of  a fmall  glafs,  capable  of  holding  five 
drams  of  water;  the  bladder  being  firfl:  fo  fqueezed,  that  the  air  it  con- 
tained was  wholly  forced  into  the  glafs,  without  being  comprefled 
there  ; then  the  pump  being  fet  on  work,  the  air,  in  the  vial,  foon  be- 
gan to  dilate,  produced  a fmall  tumour  in  the  neck,  a 1 gradually  came 
further  into  the  bladder  ; elevating  the  fides,  and  < ’ playing  the  folds, 
till,  at  length,  it  feem’d  blown  up  to  its  full  extent ; when  the  external 
air,  being  permitted  to  return  into  the  receiver,  the  air  that  had  filled  the 
bladder,  was  thereby  reduced  into  its  former  narrow  receptacle,  and  the 
bladder  became  flaccid  and  wrinkled,  as  before.  Then  taking  out  the 
bladder,  and  glafs,  we  filled  them  both  with  water,  thro’  a hole  made  in 
the  top  of  the  bladder  ; and  found  the  weight  of  it  to  be  five  ounces,  five  • 
drams,  and  a half.  So  that  the  air,  at  its  utmoft  expanfion,  pofiefs’d  above 
nine  times  the  fpace  it  did  when  firfl  put  into  the  receiver. 

But  to  meafure  the  expanfive  force  of  the  air  more  accurately,  we  took 
a cylindrical  pipe  of  glafs,  its  bore  about  a quarter  of  an  inch  in  dia- 
meter, its  length  about  feven  inches,  and  left  it  open  at  one  end  ; but 
the  other,  where  it  was  hermetically  fealed,  had  a fmall  glafs  bubble, 
to  receive  the  air,  whofe  dilatation  was  to  be  meafured.  Along  the 
fide  of  this  tube,  we  parted  a flip  of  parchment,  divided  into  twenty-fix 
equal  parts,  mark’d  with  black  lines,  to  meafure  both  the  included  air, 
and  its  expanfion.  Afterwards  we  almoft  fill’d  the  tube  with  water ; when, 
flopping  the  open  end,  and  inverting  it,  the  air  was  permitted  to  afcend 
to  the  bubble ; and,  as  the  afcent  was  very  flow,  it  gave  us  the  opportunity, 
to  mark  how  much  more,  or  lefs  than  one  of  thofe  divifions,  this  air  took 
up.  Thus,  after  a trial  or  two,  we  conveyed  to  the  top  of  the  glafs,  a 
bubble  of  air,  apparently  equal^to  one  of  thofe  divifions then  the  open  end 
of  the  tube  being  put  into  a fmall  vial,  whofe  bottom  was  cover’d  with 
water,  we  included  both  glafles  in  a fmall  (lender  receiver,  and  caufed 
the  pump  to  be  work’d.  The  event  was,  that,  at  the  firfl  exfu&ion  of 
the  air,  there  feem’d  not  any  expanfion  of  the  bubble,  comparable  to  what 
appear’d  at  the  fecond  ; and,  after  a few  ftrokes,  the  bubble,  reach- 
ing as  low  as  the  furface  of  the  fubjacent  water,  gave  us  caufe  to  think, 
that  it  would  have  expanded  much  farther,  had  there  been  room.  We, 
therefore,  took  out  the  little  tube,  and  found  that,  befides  the  twenty-fix 
divifions,  the  glafs  bubble,  and  fome  part  of  the  pipe,  to  which  the  parch- 


greateft  liquor  is  capable  of,  tho’  ever  fo 
long  detained  upon  a vehement  fire,  increa- 
fes  the  fpring  of  the  air  as  much  as  about 
^ of  the  weight  of  the  atmofphere,  (hewn 
by  the  barometer,  in  fpring,  or  autumn : 


and  upon  this  foundation,  he  ingenioufly 
attemps  to  eitablifh  an  uniformity  in  ther- 
mometers. See  Memoirs  de  E Academ.  A. 
1702.  p.  204.  A.  1703.  p.  61,  See. 
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mentdid  not  reach,  amounted  to  fix  divifions  more.  Whence  it  appears*  *Neum atic*. 
that  the  air  poffefied  one  and  thirty  times  more  fpace  than  before;  and 
yet  feem’d  capable  of  a far  greater  expanfion.  Wherefore,  after  the  fame 
manner,  we  let  in  another  bubble,  that  feem’d  but  half  as  big  as  the  for- 
mer, and  found,  that  upon  exhaufting  the  receiver,  it  did  not  only  fill 
up  the  whole  tube,  but,  in  part,  broke  thro*  the  water  in  the  vial;  and 
thereby  manifefted  itfelf  to  have  pofTefs’d  above  fixty  times  its  former 
fpace. 

Finding,  then,  that  our  tube  was  flill  too  fhort,  we  took  a (lender  coni- 
cal one,  thirty  inches  long,  hermetically  feal’d  at  the  (lender  end,  and 
almoft  fill’d  it  with  water  ; and  conveying  a bubble  of  air  to  the  top  of  it, 
we  put  the  open  end  in  a vial,  as  before:  then  the  cover,  by  means  of  a 
fmall  hole  made  in  it,  for  the  glafs-pipe  to  come  out  at,  was  cemented  to 
the  receiver ; and  the  pump  being  fet  on  work,  the  air  manifeftly  appear’d 
extended  below  the  furface  of  the  water;  and  fome  bubbles  were  feen  to 
come  out  at  the  bottom  of  the  pipe,  and  break  thro’  the  water.  This  done, 
we  left  off  pumping,  and  obferved,  that  at  unperceived  leaks  of  the  re- 
ceiver, the  air  got  in  fo  faft,  that  it  very  quickly  impelled  up  the  water  to 
the  top  of  the  tube ; excepting  a little  fpace,  whereinto  that  bubble  was 
driven,  which  had  before  poflfefs’d  the  whole  tube.  This  air  at  the  (lender 
end,  appear’d  to  be  a cylinder  of  inch  in  length ; but  when  the  pipe  was 
taken  out  and  inverted,  it  feemed  at  the  other  end,  lefs  in  bulk  than  a 
pea.  Then  with  a fmall  pair  of  fcales,  weighing  the  tube  and  water,  we 
found  they  amounted  to  one  ounce  thirty  grains  and  a half;  and  filling  the 
tube  with  water,  and  weighing  again  the  pipe  and  water,  we  found  the 
weight  increafed  only  by  one  grain.  Laftly,  pouring  out  the  water,  and 
carefully  freeing  the  pipe  from  it,  we  weigh’d  the  glafs  alone,  and  found 
it  wanted  two  drams  and  thirty-two  grains  of  its  former  weight.  So  that 
the  bubble  of  air  pofTeffing  the  fpace  but  of  one  grain  weight  of  water,  it 
appear’d  that  this  air,  by  its  own  fpring,  was  rarified  to  one  hundred  fifty- 
two  times  its  former  dimenfions ; tho’  it  had  been  comprefied  only  by  the 
ordinary  weight  of  the  contiguous  air.  The  experiment,  indeed,  was  made 
in  a moift  night,  and  in  a room  with  a large  fire ; which  did,  perhaps,  fome- 
what  rarify  the  bubble  of  air. 

It  hath  feem’d  almoft  incredible,  what  Merfennus  relates,  that  the  air  by 
the  violence  of  heat,  may  be  dilated  fo  as  to  take  up  feventy  times  its  na- 
tural fpace:  we  therefore,  once  more,  conveyed  into  the  tube  a bubble  of 
the  fame  bignefs  with  the  former ; and  profecuting  the  experiment  as 
before,  we  obferved,  that  the  air  did  manifeftly  ftretch  itfelf  fo,  as  to 
appear,  feveral  times,  far  below  the  furface  of  the  water  in  the  vial  » 
and  that  too,  with  a furface  very  convex  toward  the  bottom  of  the  pipe. 

Nay,  the  pump  being  ply’d  a little  longer,  the  air  reached  to  that  place, 
where  the  tube  retted  upon  the  bottom  of  the  vial,  and  feem*d  tohitagainft 
and  rebound  from  it.  Whence  it  is  probable,  if  the  experiment  could  be 
fo  made  that  the  expanfion  of  the  air  might  not  be  refitted,  it  would  yet 
enlarge  its  bounds,  and  perhaps  ftretch  itfelf  to  more  than  two  hundred 
1 times 
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•^y^'s  times  its  former  bulk.  And  this  may  render  many  phenomena  of  our  en- 
gine  credibile,;  fince,  of  that  part  of  the  atmofphere  wherein  wclive,  what 
we  call  the  free  air,  _and  prefume  to  be  uncomprefs’d,  is  crowded  into  fo 
very  fmall  a portion  of  the  fpace,  it  would,  if  unrefified,  poffefs. 

Vheflrength  of  7.  To  difcover  the  ftrength  of  glafs,  and  what  intereft  the  fie-urc  of  a 
Advantages  of  kocty  1Tlay  have  in  refifiing  a prefiure,  we  made  the  following  experi- 

fgure  in  fu-  tnentS. 

Jiaining  a pref-  A round  glafs  bubble,  capable  of  containing  five  ounces  of  water,  bein^ 
jl*re'  purpofely  blown  very  thin,  and  with  a (lender  neck,  we  moderately  emptih 

ed  the  receiver,  and  nimbly  applied  the  neck  of  the  bubble  to  the  orifice 
of  the  bottom  of  it ; and  after  turning  the  key  of  the  flop-cock,  we  made 
a free  paffage  for  the  air  to  come  out  of  the  bubble  into  the  receiver ; which 
it  did  with  great  celerity  •,  leaving  ihe  bubble  as  empty  as  the  receiver  it- 
felf.  We  then  let  in  the  external  air,  which  now  preffed  only  on  the  out- 
iide  of  theexhaufted  bubble,  being  prevented  from  getting  within  it  ; ne- 
verthelefs,  it  continued  as  intire  as  before  ; the  rounclnefs  of  its  figure  ena- 
bling it,  tho’  almoft  as  thin  as  paper,  to  refill  a prefiure  equal  to  that  of 
the  whole  incumbent  atmofphere.  And  repeating  the  experiment,  v/e 
found  again  that  the  prefiure  of  the  air,  thrufting  all  the  parts  inwards, 
made  them,  by  reafon  of  their  arched  figure,  fo  fupport  one  another,  that 
the  glafs  would  not  break. 

8.  We  took  a glafs  alembic,  containing  between  two  and  three  pints ; 
theroftrum  C,  being  hermetically  ieal’d  •,  and  at  the  top  of  it  was  a hole, 
wherein  we  cemented  one  of  the  flunks  of  a Hop- cock  ; fo  that  the  glafs 
being  inverted,  the  wide  orifice  fiood  uppermofl  ; and  to  this  was  cemented 
a cover  of  lead  : the  other  fhank  of  the  fcop-cock  was  alio,  with  cement, 
faften’d  into  the  upper  part  of  the  pump,  which  beginning  to  be  work’d, 
the  remaining  air  became  by  much  too  weak  to  balance  the  prefiure  of 
the  external  air,  v/hen  the  glafs  was,  with  a great  noife,  cracked  almoft 
half  round,  along  that  part  of  it  where  it  began  to  bend  inwards;  as  in 
the  line  A B;  and  upon  attempting  to  evacuate  more  of  the  air,  the  crack 
appear’d  to  run  further,  tho’  the  glafs,  where  it  was  broken,  feem’d 
above  twenty  times  as  thick  as  the  bubble  employ’d  in  the  preceding  expe- 
riment. Hence  it  may  feem  fi range,  that  taking  another  glafs  bubble, 
alike  in  all  refpe&s,  for  ought  appear’d,  to  that  juft  mention’d,  fealing  it 
up,  hermetically  and  fufpending  it  in  the  receiver,  the  exfudlion  of  "the 
furrounding  air  did  not  enable  the  internal  air  to  break  or  crack  it : and 
this  proved  the  cafe,  tho’  the  experiment  were  tried  feveral  times,  with 
bubbles  of  different  fizes.  But,  perhaps,  the  heat  of  the  lamp,  wherewith 
fuch  gl  a fifes  are  hermitically  fealed,  might  rarify  the  contained  air,  and 
weaken  its  fpring. 

9.  Into  the  neck  of  a common  four-ounce  vial,  we  put  a (lender  pipe  of 
glafs, and  carefully  faflen’d  it,witha  mixture  of  pitch  and  rofin,  to  theneck 
thereof.  This  vial,  containing  water  that  reach’d  confiderably  higher  than 
the  lower  end  of  the  pipe,  was  put  into  a fmall  receiver,  in  fuch  manner, 
.that  the  glafs  pipe,  pafiing  thro’  a hole  in  the  leaden  cover  of  the  receiver, 
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was  principally  without  the  veflfel  ; which  being  exaftly  clofed , we 
work’d  the  pump  j but  at  the  very  firft  ftroke,  and  before  the  fucker  was 
drawn  to  the  bottom  of  the  cylinder,  there  flew  out  of  the  vial  a large 
piece  of  glafs,  with  a furprizing  violence  and  noife,  fo  as  to  crack  the  re- 
ceiver in  many  places. 

For  farther  fatisfadtion,  we  repeated  the  experiment  in  a round  glafs, 
that  would  contain  fix  ounces  of  water  ; which  we  put  into  a fmall  recei- 
ver, fo  that  the  bottom  of  it  refted  upon  the  lower  part  of  the  receiver, 
and  the  neck  came  out  thro*  the  leaden  cover  of  the  fame.  This  vial  we 
included  in  a bladder,  before  it  was  put  in,  and  the  receiver  being  clos’d, 
fo  that  the  outward  air  could  not  enter  but  by  breaking  thro’  the  vial,  into 
whofe  cavity  it  had  free  accefs  by  the  mouth,  the  fucker  was  nimbly  drawn 
down  *,  upon  which  the  external  air  immediately  prefs’d  forcibly,  as  well 
upon  the  leaden  cover  as  the  vial  *,  and  the  cover  happening  to  be  in  one 
place  a little  narrower  than  the  edge  of  the  receiver,  it  was  deprefs’d,  and 
thrufl:  into  it  fo  violently,  that  getting  a little  within  the  lip  of  the  glafs, 
it  thrufl;  out  the  fide,  where  it  was  deprefs’d,  fo  as  to  fplit  the  receiver. 
And  having  fitted  a wider  cover  to  the  fame  receiver,  and  clos’d  both  that, 
and  the  crack  with  cement,  we  profecuted  the  experiment  in  the  former 
manner  with  this  fuccefs  ; that,  upon  fuddenly  deprefling  the  fucker,  the 
external  air  burft  the  vial  into  above  a hundred  pieces,  many  of  them  ex- 
ceeding fmall,  and  with  fuch  violence,  that  we  found  a wide  rent,  and 
many  holes  made  in  the  bladder. 

And  to  fhew,  that  thefe  phenomena  were  the  eftefrs  of  a limited  force, 
and  not  of  fuch  an  abhorrence  of  a vacuum,  as  muft,  upon  occafion,  exer- 
cife  a boundlefs  power,  we  try’d  feveral  thicker  glades,  and  found  that 
the  experiment  would  not  fucceed  *,  for  the  glafles  were  taken  out,  as  en- 
tire as  they  were  put  in. 

And  here,  by  the  way,  we  may  obferve,  that  every  fmall  crack  will 
not  render  a roundifh  receiver  ufelefs  in  our  experiments,  becaufe,  upon 
evacuation  of  the  internal  air,  the  external  on  all  fides  prefling  the  glafs  to- 
wards the  center,  thrufts  the  edges  of  the  crack  clofer  together. 

And,  in  cafe  of  confiderable  flaws,  we  fuccefsfully  apply  a plaifter, 
made  of  quick-lime,  finely  powder’d,  and  nimbly  ground,  with  a proper 
quantity  of  the  fcrapings  of  cheefe,  and  fair  water,  enough  to  bring  the 
mixture  to  a foft  pafle  ; which,  when  the  ingredients  are  exquifltely  incor- 
porated, will  have  a ftrong,  and  fetid  fcent  *,  and  then  it  muft  be  immedi- 
ately fpread  upon  a linen  cloth,  and  applied,  left  it  begin  to  harden. 

io.  We  letdown,  into  our  receiver,  a tallow-candle  of  a moderate  fize, 
and  fufpending  it,  fo  that  the  flame  appear’d  in  the  middle  of  the  veflfel, 
we  prefently  clos’d  it  up,  and  upon  pumping,  found,  that  within  little 
more  than  half  a minute  after,  the  flame  went  out. 

At  another  time,  the  flame  laded  about  two  minutes,  tho’  upon  the  firft 
exfudtion  it  feem’d  to  contradt  itfelf  in  all  its  dimenfions,  and  after  two 
or  three  exfudtions,  it  appear’d  exceeding  blue,  and  gradually  receded 
V o l.  II  H h h from 
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'from  the  tallow,  till  at  length  it  Teem’d  to  pofTefs  only  the  very  top  of 
the  wiek,  and  there  it  vanilh’d. 

The  fame  candle,  being  lighted  again,  was  (hut  into  the  receiver,  to 
try  how  it  would  burn  there,  without  exhaufting  the  air  ; and  we  found 
that  it  laded  much  longer  than  formerly  •,  and  before  it  went  out,  it  re- 
ceded from  the  tallow,  towards  the  top  of  the  wiek,  tho’  not  near  fo 
much,  as  in  the  former  experiment. 

We  took  notice,  that  when  the  air  was  not  drawn  out,  a confiderable 
part  of  the  wiek  remain’d  kindled  upon  the  extin&ion  of  the  flame,  which 
emitted  a fmoke,  that  fwiftly  afcended  diredtly  upwards,  in  a (lender  and 
uninterrupted  cylinder,  till  it  came  to  the  top,  from  whence  it  return’d, 
by  the  Tides,  to  the  lower  part  of  the  vefiel •,  but  when  the  flame  went  out, 
upon  the  exfudion  of  the  ^ir,  we  once  perceiv’d  it  not  to  be  follow’d  by 
any  fmoke  at  all.  And  at  another  time,  the  upper  part  of  the  wiek,  re- 
maining kindled  after  the  extinction  of  the  flame,  a (lender  fleam  afcend- 
ed, but  a very  little  way,  and  after  fome  uncertain  motions,  for  the  great- 
eft  part,  foon  fell  downwards. 

Joining  together  fix  (lender  tapers  of  white  wax,  as  one  candle,  and 
having  lighted  all  the  wieks,  we  let  them  down  into  the  receiver,  and  made 
what  hafte  we  could  to  clofe  it  up  with  cement.  But, tho’  in  the  mean  while, 
we  left  open  the  valve  of  the  cylinder, the  hole  of  the  flop-cock,  and  that  in 
the  cover  of  the  receiver,  that  fome  air  might  get  in  to  cherilh  the  flame, 
and  that  the  fmoke  might  have  a vent  •,  yet  the  air  fuffle’d  not  for  fo  great 
a flame,  till  the  cover  could  be  perfectly  luted  on  •,  fo  that  before  we  were 
ready  to  employ  the  pump, the  flame  was  extinguifti’d.  Wherefore  we  took 
but  one  of  the  tapers,  and  having  lighted  it,  clos’d  it  up  in  the  receiver,  to 
try  how  long  a (mail  flame,  with  a proportionable  fmoke,  would  continue 
in  fuch  a quantity  of  air  •,  but  we  found,  upon  two  feveral  trials,  that  from 
our  beginning  to  pump,  the  flame  went  out  in  about  a minute.  It  appear’d 
indeed,  that  the  Twinging  of  the  wyre,  whereby  the  candles  hung,  haften’d 
the  extin&ion  of  the  flame,  which  Teem’d,  by  the  motion  of  the  pump,  to 
be  thrown,  fometimes  on  one  fide  of  the  wiek,  and  fometimes  on  the  other. 
But,  once  refraining  to  pump,  after  a very  few  exfudtions,  the  flame  lafted 
not  much  longer.  And  laftly,  clofing  up  the  fame  lighted  taper,  to  difeo- 
ver  how  long  it  would  laft,  without  drawing  out  the  air  •,  we  found,  that 
it  burnt  vividly  for  a while  ; but  afterwards,  began  to  diminilh  gradually 
in  all  its  dimenfions,  tho’  the  flame  did  not,  as  before,  retire  itfelf  by  little 
and  little  towards  the  top,  but  towards  the  bottom  of  the  wiek,  lo  that 
the  upper  part  of  it,  manifeftly  appear’d  for  fome  time,  above  the  top  of 
the  flame ; which,  having  lafted  about  five  minutes,  was  fucceeded  by  a 
itream  of  fmoke,  that  afcended  in  a ftrait  line. 

n.  A fpiral  wyre,  fill’d  to  the  height  of  about  five  inches,  with  wood- 
coals  throughly  kindled,  being  let  down  into  the  receiver,  and  the 
pump  fet  to  work  j we  obferv’d,  that  upon  the  very  firft  exfuftion  of  the 
coals,  the  fire  grew  dim,  and  tho’  the  agitation  of  the  vefiel  made  them 
fwing  j yet,  when  we  could  no  longer  difeern  a rednefs  in  any  of  them, 
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we  found  that,  from  the  beginning  of  the  pumping,  that  is,  about  two 
minutes  after  the  coals  had  been  put  in,  glowing,  to  the  total  difappear- 
ing  of  the  fire,  there  had  pafs’d  three  minutes. 

We  then,  prefently,  took  them  out,  and  found  there  had  remain’d  fome 
little  parcels  of  fire,  rather  cover’d,  than  totally  extinguifh’d  ; for,  in  the 
open  air,  the  coals  began  to  re-kindle  in  feveral  places.  Wherefore,  ha- 
ving. by  fwinging  them  about  in  the  wire,  throughly  lighted  them  a fecond 
time,  we  Jet  them  down  again  into  the  receiver  ; and  clofing  it,  waited  till 
the  fire  feem’d  totally  extinCl,  without  working  the  pump,  and  found  that 
from  the  time  the  veflel  was  clofed,  till  no  fire  at  all  could  be  per- 
ceiv’d, there  had  elapfed  four  minutes. 

Laftly,  having  taken  out  the  wire,  and  put  other  coals  into  it,  we,  in 
the  fame  room  where  the  engine  flood,  let  it  hang  quietly  by  a firing,  in 
the  open  air ; and  found  that  the  fire  began  to  go  out  firft  at  the  top,  and 
outfides  of  the  coals  ; but  inwards,  and  near  the  bottom,  it  continu’d  vi~ 
fible  for  above  half  an  hour ; a great  part  of  the  coals,  efpecially  the 
lowermoft,  being  reduced  to  afhes  before  the  fire  was  extinguifh’d. 

A piece  of  iron,  of  the  bignefs  of  a middle-fized  charcoal,  being,  alfo,  Red-hot  iron. 
made  red-hot  throughout,  we  fufpended  it  in  the  exhaufled  receiver  ; but 
could  not  obferve  any  manifefl  change  upon  the  exfuCtion  of  the  air. 

The  iron,  indeed,  began  to  lofe  its  fiery  rednefs  at  the  top  *,  but  that 
feem’d  owing  to  the  upper-end’s  being  fomewhat  more  flender  than  the 
lower  ; and  the  rednefs,  tho’  it  were  in  the  day-time,  continued  vifible 
about  four  minutes ; and  then  before  it  quite  difappear’d,  we  let  in  the 
air,  but  no  change  enfued.  Yet  fome  little  remainders  of  wax,  that  fluck 
to  the  wire,  and  were  turn’d  into  fumes  by  the  heat  of  the  iron,  afforded 
a more  diffufive  fmoke  when  the  air  was  drawn  out,  than  afterwards; 
tho’  allowance  were  made  for  the  decreas’d  heat  of  the  metal.  And  laft- 
ly,  notwithftanding  a confiderable  extraction  of  the  air,  and  the  incon- 
fiderable  diffipation  of  the  parts  of  the  iron,  the  fides  of  the  receiver 
were  very  fenfibly  hot,  and  retain’d  a warmth  for  fome  time  after  the  iron 
was  taken  out. 

12.  We  fufpended  a piece  of  well-lighted  match,  in  our  receiver,  with  Lightedmatch, 
the  lighted  end  downwards,  when  the  fumes  of  it,  almoft,  immediately 

fill’d,  and  darken’d  the  receiver.  Wherefore,  left  the  veflel  fhould  be 
endanger’d,  the  pump  was  nimbly  ply’d,  and  a great  deal  of  air  and 
fmoke,  mix’d  together,  drawn  out ; whereby  the  receiver  growing  more 
clear,  we  could  d.ifcern  the  fire  in  the  match,  to  burn,  by  degrees,  more 
languidly  ; and,  after  no  long  time,  it  ceas’d  to  be  difcernible  either  by 
its  light,  or  fmoke.  And  tho’  we  continued  pumping  for  a while  longer, 
yet,  upon  admiftion  of  the  external  air,  the  fire,  that  feem’d  to  have  been 
long  extinguifh’d,  prefently  reviv’d,  and  began  again  to  fhine,  and  difti- 
pate  the  adjacent  fewel  into  fmoke,  as  before. 

13.  We,  afterwards,  let  down  into  the  receiver,  together  with  a piece  of 
lighted  match,  a large  bladder,  well  tied  at  the  neck,  and  containing  only 
about  a pint  of  air,  tho’  capable  of  containing  ten  times  as  much. 
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This  was  defign’d  to  try,  whether  the  fmoke  of  the  match,  replenifW 
the  receiver,  would  hinder  the  dilatation  of  the  internal  air,  upon  the  ex- 
traction of  the  external  ; and  to  difcover  whether  the  extinftion  of  the 
fire  in  the  match  proceeded  from  want  of  air,  or,  barely,  from  the  pref! 
lure  of  its  own  fumes.  ^ 

The  event  was,  that,  at  the  beginning  of  our  pumping,  the  match  an- 
peared  well  lighted,  tho’  it  had  almoft  fill’d  the  receiver  with  fmoke ; 
but,  by  degrees  it  burnt  more  dimly  ; tho’,  by  nimbly  drawing  out  the 
am  and  fmoke,  the  veflel  became  lefs  opake : f0  that  the  longer  we  pump’d, 
the  lefs  air  and  fmoke  came  out  of  the  cylinder,  upon  opening  the  valve  ; 
yet  the  fire  m the  match  went  out  but  flowly.  And  when,  afterwards, 
we  hau  darken  d the  room,  and,  in  vain,  attempted  to  difcover  anv  fpark 
of  fire  we  (till  continued  pumping  ; and,  at  laft,  letting  in  the  air,  the  fire 
quickly  revived,  yielded  light,  and  plenty  of  fmoke.  Then  we  fell  to 
pumping  afrelh,  and  continued  it  till  long  after  the  match  went  out  again  ; 
lo  that  in  lefs  than  half  a quarter  of  an  hour,  the  fire  was  extinguilhed, 
beyond  the  poflibility  of  a recovery  by  re-admitting  the  air.  If  the  cylin- 
der were  emptied,  when  the  receiver  was  full  of  fmoke,  immediately  up- 
on turning  of  the  ftop  cock,  the  receiver  would  appear  manifeflly  dark- 
ned,  to  an  eye  viewing  the  light  thro’ it;  and  this  darknefs  was  lefs  as 
rue  receiver  contain’d  lefs  fmoke  : it  was  alfo  inftantaneous,  and  feem’d  to 
proceed  from  a fuclden  change  of  place  and  fituation,  in  the  exhalations, 
upon  the  vent  afforded  them,  and  the  air  they  were  mix’d  with,  out  of  the 
receiver  into  the  cylinder.  We  alfo  obferv’d  a kind  of  a halo,  for  a con- 
hderable  time,  about  the  fire,  that  Teem’d  to  be  produced  by  the  furround- 
ing exhalations.  And,  wher>  the  fumes  feem’d  mod  to  replenifh  the  re- 
ceiver, they  did  not,  fenfibly,  hinder  the  air,  included  in  the  bladder, 
from  dilating  ltfelf,  after  the  fame  manner  it  would  otherwife  have  done  • 
fo  that,  before  the  match  was  quite  extinct,  the  bladder  appear’d  diftendl 
ed  to  fix  or  feven  times  its  former  dimenfions. 

We,  alfo  took  a fmall  receiver,  capable  of  containing  about  a pound 
and  a half  of  water,  and,  in  the  midft  of  it,  fufpended  a lighted  match ; 
but  tho  within  a minute,  from  putting  in  the  match,  we  had  cemented  on 
the  cover,  yet  before  we  began  to  pump,  the  fmoke  had  fo  fill’d  the  re- 
ceiver, as,  apparently,  to  choke  the  fire.  And  finding  it  thus  impoflible 
to  clofe  up  the  veffel,  and  pump  out  the  fumes  foon  enough  to  prevent 
the  extin&ion  of  the  fire,  we  ufed  this  expedient:  as  foon  as  we  had 
pump  d once  or  twice,  we  fuddenly  turn’d  the  key,  and  thereby  gave  ac- 
cefs  to  the  excluded  air  which  rufhing  violently  in,  drove  away  the  afhes, 
fill  a the  glafs  with  frefh  air,  and  re-kindled  the  fire  ; and  having,  by  this 
means,  obtain’d  a lighted  match  in  the  receiver,  without  fpendin^  time 
to  clofe  it  up,  we  exhaufled  the  receiver,  and  found  the  match  then'quick- 
ly  ceas’d  to  fmoke.  H 

14-  We  took  a piftol,  and  having  firmly  ty’d  it  to  a flick,  almoft  as  long 
as  the  cavity  of  the  receiver,  we  primed  it  with  dry  gun-powder ; then 
cocking  it,  we  fatten'd  the  trigger  to  one  end  of  a firing,  whofe  other  end 
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was  faften’d  to  the  key  in  the  cover  of  our  receiver.  This  done,  we  con*  Pniuha 
vey’d  the  whole  apparatus  into  the  vellel,  which  being  clofed  up,  and 
emptied  after  the  ufual  manner,  we  turn’d  the  key  in  the  cover,  and 
thereby  fhortning  the  firing,  pull’d  the  trigger,  and  obferv’d,  that  the 
force  of  the  fpring  of  the  lock  was  not  fenfibly  abated  by  the  abfence  of 
the  air*,  for,  the  cock  falling  with  its  ufual  violence,  ftruck  as  many, 
and  as  confpicuous  fparks  of  fire,  as,  for  ought  we  could  perceive,  it  did 
in  the  open  air.  Upon  often  repeating  this  experiment,  we  could  not  per- 
ceive, but  that  the  fparks  of  fire  moved  upwards,  downwards,  and  fide- 
ways,  as  when  out  of  the  receiver. 

We,  likewife,  fubflituted  a piece  of  fteel  for  the  flint,  when,  the  piflof 
being  cock’d,  and  convey’d  into  the  receiver,  we  pull’d  the  trigger,  after 
the  air  was  drawn  out ; and  tho’  the  place  were  purpofely  darkned,  there 
appear’d  not,  upon  the  coHifion  of  the  two  fteels,  the  lead  fpark  of  fire. 

We  have,  indeed,  found,  that,  by  the  dextrous  collilion  of  two  harden’d 
pieces  of  (leel,  many  fparks  may  be  ftruck  out*,  but  that  was  done  with 
fuch  a vehement  percufiion  of  their  edges,  as  could  not  well  be  procured 
in  our  receiver. 

But  moft  of  our  attempts,  to  fire  the  gun-powder  in  the  pan  of  the  pi- 
ftol,  fail’d,  becaufe  we  were  obliged  to  let  it  hang,  almoft  perpendicu- 
larly, in  the  receiver ; whereby  the  powder  was  fhook  out,  before  the 
fparks  could  reach  it.  Once,  however,  the  experiment  fucceeded  ; and 
the  kindled  powder  feem’d  to  make  a more  expanded  flame,  than  it  would 
have  done  in  the  open  air,  and  mounted  upwards:  upon  the  extinction  of 
the  flame,  the  receiver  appear’d  darkned  with  fmoke,  which  feem’d  to 
move  freely  up  and  down,  and,  upon  letting  in  the  air,  began  to  circu^ 
late  much  fafter  than  before. 

15.  We  convey’d  into  a fmall  receiver,  a piece  of  combuftible,  dr y ^ An  attempt  to 
black  matter  ; and  carefully  clofing  the  vefiel,  we  brought  it  to  a window,  kindle  a com- - 
at  which  the  fun  fhone  in  very  freely  ; then,  drawing  out  the  air,  we,  ^tbefun^s* 
with  a burning-glafs,  threw  the  fun’s  rays  upon  the  combuftible  matter,^  in  vacuo, 
which  began  immediately  to  fend  out  a fmoke  that  darkned  the  receiver ; 

but,  notwithftanding  all  our  care,  the  external  air  got  in,  and  fruftrated 
the  experiment. 

We,  therefore,  lodg’d  this  combuftible  matter  in  the  cavity  of  our 
largeft  receiver,  fo  that  it  was  almoft  contiguous  to  the  fide  next  th  e fun  : 
we  then  endeavour’d  to  kindle  it,  but  found,  that  by  reafon  of  the  thick- 
nefs  of  the  glafs,  the  fun-beams,  thrown  in  by  the  burning-glafs,  were, 
in  their  paflage,  fo  diflocated,  and  fcatter’d,  that  we  could  not,  poftlbly, 
unite  enow  of  them,  to  make  the  matter  yield  a fenfible  fmoke. 

16.  We  convey’d  into  the  receiver,  a little  pedeftalof  wood,  in  the  midft  An  excited 
of  which  was,  perpendicularly  ereCted,  a (lender  iron,  upon  the  (harp  needle  in  vacua 
point  whereof,  an  excited  needle  of  fteel,  of  about  five  inches  long,  was  affeae^ h ^ 
fo  placed,  that,  hanging  in  equilibrium,  it  could  move  freely  every  ma&tIct% 
way.  Then  the  air  being  pump’d  out,  we  employ’d  a load-ftone,  mode- 
rately vigorous,  to  the  outfide  of  the  glafs,  and  found  that  it  attracted,  or 

repellM 

1 


422 

Pneumatics 


The  Torricel- 
lian experi- 
ment in  vacuo. 


Phyjico-mechanical  Experiments. 

repelPd  the  ends  of  the  needle,  without  any  remarkable  difference  from 
what  the  fame  load-ftone  would  have  done,  had  none  of  the  air  been 
drawn  away  from  about  the  needle  ; which,  when  the  load-ftone  was  re- 
mov’d, refted,  after  fome  tremulus  vibrations,  in  a pofition  north  and 
fouth. 

17.  A (lender,  and  very  exacft  cylinder  of  glafs,  near  three  feet  in 
length;  its  bore,  a quarter  of  an  inch  in  diameter;  being  hermetically 
feal’d,  at  one  end,  was,  at  the  other,  fill’d  with  quick-filver  ; care  being 
taken,  that  as  few  bubbles  as  poflible,  ftiould  be  left  in  the  mercury. 
Then  the  tube,  being  ftopt  with  the  finger,  and  inverted,  was  open’d 
into  a long,  fiender,  cylindrical  box,  half  fill’d  with  quick-filver  ; when 
that  in  the  tube  fubiiding,  and  a piece  of  paper  being  pafted  level  to  its 
upper  furlace,  the  box  and  tube  were,  by  firings,  carefully  let  down  into 
the  receiver  ; and  the  cover,  by  means  of  this  hole,  fiipt  along  as  much 
of  the  tube,  as  reach’d  above  the  top  of  the  receiver ; the  interval  left  be- 
twixt the  fides  of  the  hole,  and  thofe  of  the  tube,  being  exquifitely  fill’d 
up  with  melted  diachylon  ; and  the  round  chink,  betwixt  the  cover  and 
the  receiver,  likewife,  very  carefully  clos’d  ; upon  which  clofure,  there 
appear’d  no  change  in  the  height  of  the  mercurial  cylinder:  whence  the 
air  feems  to  bear  upon  the  mercury,  rather  by  virtue  of  its  fpring,  than  of 
its  weight ; fince  its  weight  could  not  be  fuppos’d  to  amount  to  above  two 
or  three  ounces  ; which  is  inconfiderable,  in  comparifon  of  fuch  a cylinder 
of  mercury  as  it  would  fuftain.  Now  the  fucker  was  drawn  down,  and  im- 
mediately, upon  the  evacuation  of  a cylinder  of  air,  out  of  the  receiver,  the 
quick-filver  in  the  tube  fubfided  ; and  notice  being  carefully  taken  of  the 
place  where  it  ftopt,  we  work’d  the  pump  again,  and  mark’d  how  low  the 
quick-filver  fell  at  the  fecond  exfudtion  : but, continuing  thus, we  were  foon 
hinder’d  from  accurately  marking  the  ftages  in  its  defcent,  becaufe  it  pre- 
fently  funk  below  the  top  of  the  receiver:  fo  that  we  could,  from  hence, 
only  mark  it  by  the  eye.  And  continuing  pumping,  for  about  a quarter  of 
an  hour,  we  could  not  bring  the  quick-filver  in  the  tube,  totally  to  fubfide. 
Then  we  let  in  fome  air  ; upon  which,  the  mercury  began  to  re-afcend  in 
the  tube,  and  continu’d  mounting,  till  having  return’d  the  key,  it  immedi- 
ately refted  at  the  height  it  had  then  attain’d.  And  fo,  by  turning,  and  re- 
turning the  key,  we  did,  feveral  times,  impel  it  upwards,  and  check  its  af- 
cent ; till,  at  length,  admitting  as  much  of  the  external  air,  as  would  come 
in,  the  quick-filver  was  impell’d  up,  almoft,  to  its  firft  height ; which  it 
could  not  fully  regain,  becaufe  fome  little  particles  of  air  were  lodg’d  a- 
rnong  thofe  of  the  quick-filver,  and  rofe  in  bubbles  to  the  top  of  the  tube. 

It  is  remarkable,  that  having,  two  or  three  times,  try’d  this  experiment, 
in  a fmall  veffel ; upon  the  very  firft  cylinder  of  air  that  was  drawn  out  of 
the  receiver,  the  mercury  fell,  in  the  tube,  18  inches  and  a half ; and, 
at  another  time,  19  inches  and  a half. 

We,  likewife,  made  the  experiment  in  a tube  lefs  than  2 feet  in  length  ; 
and,  when  there  was  fo  much  air  drawn  out  of  the  receiver,  that  the 
remaining  part  could  not  counter-balance  the  mercurial  cylinder,  it  fell 

above 
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above  a fpan  at  the  firft  ftroke  ; and  the  external  air  being  let  in,  impell’d  PnIT1^,IC9 
it  up  again,  almoft  to  the  top  of  the  tube : fo  little  matters  it,  how  heavy 
or  light  the  cylinder  of  quick-filver  be,  provided  its  gravity  overpower 
the  prefiure  of  as  much  external  air,  as  bears  upon  the  furface  of  that  mer- 
cury into  which  it  is  to  fall. 

Laftly,  we  obferv’d,  that  if  more  air  were  impell’d  up,  by  the  pump, 
into  the  receiver,  after  the  quick-filver  had  regain’d  its  ufual  ftandard  in 
the  tube,  it  would  afeend  ftill  higher  ; and  immediately,  upon  letting  out 
that  air,  fall  again  to  the  height  it  relied  at  before. 

But,  in  order  to  fill  the  Torricellian  tube  with  exadtnefs,  the  edges  of 
the  open  end  fhould  be  made  even,  and  turned  inwards,  that  fo  the  ori- 
fice, not  much  exceeding  a quarter  of  an  inch  in  diameter,  may  be  the 
more  eafily,  and  exadlly  flopp’d  by  the  finger  *,  between  which,  and  the 
quick-filver,  that  there  may  be  no  air  intercepted,  it  is  requifite  that  the 
tube  be  perfectly  full,  that  the  finger,  preffing  upon  the  protuberant 
mercury,  may  rather  throw  fome  out,  than  not  find  enough  to  keep  out 
the  air  exactly.  It  is,  alfo,  an  ufeful  way,  not  quite  to  fill  the  tube,  but 
to  leave,  near  the  top,  about  a quarter  of  an  inch  empty  : for,  if  you  then 
flop  the  open  end,  and  invert  the  tube,  that  quarter  of  an  inch  of  air 
will  afeend  in  a great  bubble  to  the  top  ; and,  in  its  pafiage,  lick  up  all 
the  little  bubbles,  and  unite  them  with  itfelf,  into  one  great  one.  So  that, 
if  by  re-inverting  the  tube,  you  let  that  bubble  return  to  the  open  end  of 
it,  you  will  have  a much  clofer  mercurial  cylinder  than  before  ; and 
need  add  but  a very  little  quick-filver  more,  to  fill  up  the  tube  ex- 
adlly.  And,  laflly,  as  for  fuch  lefs,  and  invifible  parcels  of  air,  which 
cannot  be  thus  gather’d  up,  you  may  endeavour,  before  you  invert  the 
tube,  to  free  the  quick-filver  from  them,  by  fhaking  the  glafs,  and  gent- 
ly knocking  on  the  outfide  of  it,  after  every  little  parcel  of  quick-filver 
pour’d  in  ; and  afterwards,  forcing  the  bubbles  to  difclofe  themfelves, 
and  break,  by  applying  a hot  iron  near  the  top  of  the  glafs  *,  which  will 
raife  the  bubbles  fo  powerfully,  as  to  make  the  mercury  appear  to  boil. 

I remember,  that  by  carefully  filling  a fhort  tube,  tho’  not  quite  free  from 
air,  we  have  made  the  mercurial  cylinder  reach  to  thirty  inches,  and  a- 
bove  an  eighth  ; which  is  mention’d,  becaufe  we  have  found,  by  experi- 
ence, that  in  fhort  tubes,  a little  air  is  more  prejudicial  to  the  experi- 
ment, than  in  long  ones. 

18.  We  fill’d  a glafs  tube,  about  three  feet  long,  with  mercury  *,  and  Odd  phetiotne- 
having  inverted  it  into  a vefiel  of  other  quick-filver,  that  in  the  tube na  °fi^,e  mer~ 
fell  down  to  its  ufual  height;  leaving  fome  little  particles  of  air  in^z^  barom€ 
the  fpace  it  had  deferted:  for,  by  the  application  of  hot  bodies  to  the  up- 
per part  of  the  tube,  the  quick-filver  would  be  a little  deprefs’d.  Laft- 
ly, having  put  both  the  tube,  and  the  vefiel  whereon  it  refted,  into  a con- 
venient wooden  frame,  we  placed  them  together  in  a window  of  my  cham- 
ber. 

And  during  feveral  weeks  that  the  tube  continu’d  there,  I obferv’d, 
that  the  quick-filver  did,  fometimes  faintly  imitate  the  liquor  of  a thermo- 
meter •, 
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meter;  lubfiding  a little  in  warm,  and  rifing  a little  in  cold  weather; 
which  we  afcrib’d  to  the  greater,  or  lefier  preflure  of  that  little  air,  which 
remain’d  at  the  top  of  the  tube,  expanded,  or  condens’d  by  the  heat  or 
cold  of  the  ambient  air.  But  the  quick-filver  often  rofe,  and  fell  in  the 
tube  very  confiderably,  after  a manner,  quite  contrary  to  that  of  weather- 
glaffes,  where  air  is  at  the  top ; for  fometimes  1 obferv’d  it,  in  very  cold 
weather,  to  fink  much  lower  than  at  other  times,  when  the  air  was  com- 
paratively warmer.  And  fometimes  the  quick-filver  would,  for  feveral 
days  together,  reft  almoft  at  the  fame  height;  and  at  others,  it  would  in 
the  compafs  of  the  fame  day  confiderably  vary  its  altitude ; tho’  there 
appear’d  no  change,  either  in  the  air  abroad,  or  in  the  temper  of  that 
within  my  room,  nor  in  any  thing  elfe,  to  which  fuch  a change  could  rea- 
sonably be  imputed  ; efpecially  confidering,  that  the  fpace  wherein  the 
mercury  continued  unfettled  for  five  weeks,  amounted  to  full  two  inches  ; 
defcending  in  that  time  about  A of  an  inch  from  the  place  where  it  firft 
fettled,  and  afcending  the  other  inch,  and  tr:  and  when  we  took  the  tube 
out  of  the  frame,  after  it  had  ftaid  there  part  of  November , and  December , 
a large  fire  being  then  in  the  room,  we  found  the  mercurial  cylinder  to  be 
above  the  upper  furface  of  the  ftagnant  mercury  29  % inches.  * 

Such 


* That  the  quick-filver  in  the  barometer 
fhould  (land  lower,  when  the  air  is  thick 
and  moift,  than  when  it  is  dry  and  clear, 
feems  to  overthrow  the  theory  of  the  air’s 
gravitation.  Indeed,  to  difcover  the  caufes 
of  all  the  minute  variations  in  the  air,  is  a 
very  difficult  task.  The  winds  have  a great 
fhare  herein,  with  the  vapours,  exhala- 
tions, and  expirations  of  the  earth ; per- 
haps alfo,  the  changes,  which  happen  in 
the  adjacent  regions ; the  flux  and  reflux 
caufed  by  the  moon  in  the  air,  no  lefs 
than  in  the  fea,  and  many  other  particu- 
lars, are  not  unconcern’d.  Now,  the  air 
is  heavier,  than  the  vapours  it  fuftains ; 
its  particles  being  more  grofs,  and  arifing 
from  denfer  bodies,  than  the  particles  of 
vapours.  But,  winds  may  change  this 
weight  of  the  air,  in  any  particular  re- 
gion ; either  by  bringing,  and  keeping  up 
more  air  over  it,  as  may  eaflly  happen, 
when  two  contrary  winds  blow  ; or  by 
fweeping  it  away,  and  affording  room  for 
the  fubjacent  air  to  expand  itfelf ; as  may 
be  the  cafe,  when  two  oppoflte  winds 
.meet,  or.  when  only  one  blows  exceeding 
flrong.  Thus,  ’tis  fa&,  that  violent  gulfs 
make  the  mercury  in  the  barometer  great- 
ly to  fink  of  a fudden.  The  cold  nitrous 
particles  of  the  air,  or  the  air  itfelf,  being 
condenfed  by  cold  in  the  north,  and 


blown  to  another  quarter*  may,  not  only 
condenfe  the  atmofphere,  but  make  it 
heavier.  Moreover,  heavy  dry  exhala- 
tions will  increafe  the  weight  of  the  air, 
(as  falts  and  metals  diflolv’d  in  proper 
menflrua,  increafe  the  fpecific  gravity 
of  them ; ) and  perhaps,  at  the  fame  time, 
add  to  its  elalficity.  Again,  the  air,  by 
thefe,  or  the  like  caufes,  being  rendred 
heavier,  is  the  more  .able  to  fulhin  the  va- 
pours ; which  therefore  comirfg  to  be  inti- 
mately mix’d  therewith,  and  floating  e- 
very  where  uniformly  therein,  render  it 
fair  and  clear.  - But,  when  from  contrary 
caufes  it  becomes  lighter,  ’tis  rendred  un- 
able to  fuftnin  the  vapours,  which  always 
opprefs  it ; fo  that  bemg,  as  it  were,  pre- 
cipitated together,  they  form  clouds,  and 
running  into  drops,  fall,  by  their  iiacreafed 
gravity,  to  the  earth.  Heyice  we  fee, 
what  caufes  render  the  air  heavier,  and 
more  able  to  fuflain  the  quick-filver  in 
the  barometer,  namely,  fuch  as  make  the 
air' clear  and  dry:  but  the  caufes,  which 
render  the  air  light  and  unflr  to  fuflain 
the  mercury,  produce  rain.  When  ‘there- 
fore the  air  is  lighteft,  and  the  mexCury 
in  the  barometer  loweft,  the  clouds  ap- 
pear very  low,  and  in  very  fwift  morion ; 
and  the  air  having  clear’d  itfelf  of  its 
clouds  by  rain,  becomes  very  bright  and 

tranf- 
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Such  an  inequality  in  the  rife,  and  fall  of  the  mercury  will,  I fear,  ren-  PNECMATif« 
der  it  difficult  to  determine  by  the  barometer,  whether  the  moon  be  the 
caufe  of  the  tides,  efpecially,  till  the  reafon  of  this  odd  phenomenon  be 
certainly  known  ; which  feems  principally  to  depend  upon  confiderable 
alterations  in  the  air,  in  point  of  rarity  and  denfity. 

19.  We  took  a tube  of  glafs,  about  four  feet  in  length,  hermetically  a like  expert 
feal’d  at  one  end,  fill’d  it  with  common  water,  and  inverted  the  open  end,  ment  made 
beneath  the  furface  of  a veffiel  of  water.  Then  this  veflel,  with  the  tube  with  water 
in  it,  being  let  down  into  the  receiver,  the  pump  was  fet  on  work  ; when, 

till  the  receiver  was  moderately  exhaufled,  the  tube  continu’d  quite  full  of 
water  •,  it  being  requifite,  that  a great  part  of  the  air  contain’d  in  the  re- 
ceiver fhould  be  drawn  out,  to  bring  the  remaining  to  an  equilibrium,  with 
fo  fiiort  a cylinder  of  water.  But,  when  once  the  water  began  to  fall  in 
the  tube,  each  exfudlion  of  air  made  it  defeend  a little  lower  ; tho’  nothing 
near  fo  much,  nor  fo  unequally,  as  the  quick -filver  did.  The  lowed,  we 
were  able  to  draw  down  the  water,  was,  to  about  a foot  above  the  furface 
of  that  in  the  vefiel.  And,  when  the  water  was  drawn  down  thus  low,  we 
found,  that  by  letting  in  the  outward  air,  it  might  be  immediately  im- 
ped’d up  again,  to  the  higher  parts  of  the  tube. 

Upon  making  this  experiment  in  a fmall  receiver,  we  obferv’d,  that  at 
the  firft  exfufrion  of  the  air,  the  water  ufually  fubfided  feveral  inches  ; and 
at  the  fecond,  fometimes  near  two  feet ; whereupon  letting  in  the  external 
air,  the  water  was  imped’d  up,  with  a very  great  velocity. 

20.  That  the  air  hath  a confiderable  elaftic  power,  we  have  abundantly  Whether  zva- 
proved  ; but,  whether  water  participates,  in  any  meafure,  thereof,  feems ter  dajlic  ? 
hitherto,  to  have  been  fcarce  confider’d. 

Into  a large  glafs  bubble,  with  a long  neck,  We  pour’d  common  water, 
till  it  reach’d  about  a fpan  above  the  bubble  ; and  a piece  of  paper  being 
parted  thereon,  we  put  it,  unftopt,  into  the  receiver  •,  when,  the  pump 


tran (parent,  fo  as  to  afford  an  excellent 
profpedl  of  remote  obje&s.  But,  when  it 
is  heavy,  and  the  quick-filver  hands  high 
in  the  barometer,  the  heavens  appear  fair, 
but  fomewhat  thick,  by  reafon  of  the  va- 
pours, every  where  equally  difperfed  there- 
in, and  is  lefs  fit  to  afford  a good  view  of 
objects  at  a diftance.  And  if  any  clouds  are 
feen,  they  be  very  high,  and  move  flow. 
When  the  air  is  at  the  heavieft, thick  clouds 
fometimes  cover  the  earth,  confifting  pro- 
bably of  fuch  exhalations,  as  the  air,  at 
that  time,  is  unable  to  fuftain  ; and  which, 
cannot  float  therein,  when  it  is  light.  In 
our  climate,  the  barometer  hands  higheft, 
when  the  weather  is  coldeft,  and  when  the 
eaft,  or  north  eaft  winds  blow  ; becaufe, 
at  that  time,  two  winds  blow  together. 


from  oppofite  parts ; for  in  the  Atlantic 
ocean,  at  the  degree  of  latitude  anfwering 
to  ours,  the  wind,  almofl  continually  blows 
weft ; and  when  the  north- wind  blows,  an 
air  condens’d#by  cold  is  brought  to  us. 
Farther,  in  the  moft  northern  regions,  the 
height  of  the  barometer  varies  more,  than 
in  the  fouthern  ; the  winds  being  there 
more  ftrong,  changeable,  and  contrary  to 
one  another,  on  a fmall  tratt  of  land  ; 
whereby,  at  one  time,  they  heap  up,  and 
condenfe  the  air,  and  at  another,  fweep  it 
away,  and  rarify  it.  Laftly,  the  barome- 
ter varies  leaft  between  the  tropics,  becaufe 
the  wind  is  there  almoft  always  gentle,  and 
blows  the  fame  way.  See  Clark . Annotat. 
in  Rohault.  & Philof.  Tranf  No.  181. 
292. 
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Pneumatics. was  work’d,  after  the  ufual  manner,  and  a confiderable  part  of  the  air 
in  the  receiver  drawn  out,  before  we  difcern’d  any  expanfion  of  the  water  *, 
but  continuing  to  pump,  the  water  manifeftly  began  to  afcend  in  the  ftem 
of  the  glafs,  and  feveral  bubbles,  from  the  lower  parts  of  the  veffel,  made 
their  way  thro’  the  liquor  to  the  top  of  k,  and  there  broke  into  the  recei- 
ver. After  the  water  once  appear’d  to  fwell,  at  each  time  the  air  was  let 
out  from  the  receiver  into  the  pump,  the  water  in  the  neck  of  the  glafs, 
fuddenly  rofe,  about  the  breadth  of  a barley-corn,  and  fo  by  degrees  at- 
tain’d to  a confiderable  height,  above  the  mark.  And  at  length,  the 
external  air,  being  fuddenly  re-admitted,  the  water  immediately  lubfided, 
and  deferted  all  the  additional  fpace,  it  had  gain’d  in  the  glafs. 

2 1.  We  convey’d  into  the  receiver  a new’  glafs- vial,  capable  of  holding 
about  6 or  7 ounces  of  water  ^ into  which  we  had  before-hand  put  only  1 
or  3 fpoonfuls  of  that  fluid,  and  ftopt  it  clofe  with  a fit  cork.  The  re- 
ceiver being  emptied,  there  appear’d  no  change  in  the  inclofed  water  v 
the  air,  imprifon’d  with  it,  not  having  the  force  to  blow  out  the  (topple. 
Wherefore,  we  again  put  in  the  vial,  lefs  firmly  clofed  than  before  ; but 
when  the  air  was  pumped  out  of  the  receiver,  that  within  the  vial  quickly 
found  little  paffages  to  get  out  at ; for  when  the  vial  was  put  in  the  time 
before,  the  water  remain’d  all  the  while  perfectly  free  from  bubbles  ; but 
now  the  bottom  of  the  glafs  appear’d  all  cover’d  with  them,  which,  up- 
on the  return  of  the  excluded  air,  prefently  fhrunk  up. 

Hence  it  feem’d  deducible,  that,  whilft  the  vial  continu’d  well  ftopt, 
the  included  water  fuftain’d,  from  the  air  (hut  up  with  it,  a prefiure  equal 
to  that  of  the  atmofphere  *,  fince,  till  the  air  could  get  out  of  the  glafs, 
there  appear’d  no  bubbles  in  the  water,  notwithftanding  the  want  of  pref- 
fure  in  the  ambient  body. 

But,  further,  we  caufed  a convenient  quantity  of  water  to  be  hermeti- 
cally feal’d  up  in  a glafs-egg,  whofe  long  neck  was  faftemd  to  one  end  of 
a firing,  the  other  end  whereof  was  ty’d  to  the  cover  of  our  receiver  *,  then 
the  egg  being  convey’d  into  the  receiver,  and  that  being  evacuated,  we, 
by  turning  the  brafs  ftopple,  fo  fhorten’d  the  firing,  as  to  break  the  glafs ; 
whereby  liberty  being  given  to  the  air  imprifon’d  in  the  egg,  to  pafs  into 
the  receiver,  its  fuddenrecefs  made  fo  many  bubbles  appear  immediately, 
and  afcend  fo  fwiftly  in  the  water,  that  their  motion  look’d  like  that  of  a 
violent  fhower  of  rain  j except  that  the  bubbles  did  not,  like  the  drops  of 
rain,  tend  downwards,  but  upwards  *,  as  happens  in  the  diffolution  of 
feed  pearl,  in  fome  very  acid  menftruum,  wherein,  if  a large  quantity  of 
the  pearls  be  caft  whole,  they  will,  at  firft,  be  carry’d  in  fwarms  from  the 
bottom  to  the  top  of  the  liquor.  And,  without  fealing  up  the  glafs,  this 
experiment  may  be  try’d  in  a fmall  receiver*,  for  the  air  may  here  be 
drawn  out  fo  foon,  that  the  bubbles,  lurking  in  the  water,  will,  immedi- 
ately, difplay  themfelves,  and  afcend  in  throngs.  So  that,  having  made 
the  experiment,  in  fuch  a receiver,  with  red  wine,  inftead  of  water,  the 
wine  appear’d  ail  cover’d  with  a large  vanifhing  white  froth. 


22.  To 
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22.  To  dilcover  whether  the  expanfion  of  the  water  really  proceeded  Pn  2 UMATIc 
from  an  elaftic  power  in  the  parts  of  that  fluid  ; we  fill’d  a glafs-vial,  with 
a pound  and  fome  ounces  of  water,  and  then  put  into  it  a glafs-pipe,  open 
at  both  ends,  and  feveral  inches  in  length,  fo  as  to  reach  a little  below  the 
neck  ; then  we  carefully  cemented  it  thereto,  that  no  air  might  come  into 
the  vial,  nor  any  water  get  out  of  it,  but  thro*  the  pipe  •,  and  the  pipe, 
being  warily  fill’d  about  half  way  with  water,  and  a mark  being  pafted 
over-againft  the  upper  furface  thereof,  the  whole  was,  by  firings,  let  down 
into  the  receiver  *,  when,  pumping  out  the  air,  the  water  in  the  pipe  be- 
gan to  rife,  while  fome  little  bubbles  difcover’d  themfelves  on  its  fides ; 
and,  foon  after,  the  water  ftill  fwelling,  there  appear’d,  at  the  bottom 
of  the  pipe,  a bubble,  about  the  uignefs  of  a fmal!  pea  i which;  lend- 
ing thro’  the  tube  to  the  top  of  the  water,  fiaid  there  a while,  and  then 
broke.  But  the  pump  being  nimbly  ply’d,  the  expanfion  of  the  water 
fo  increas’d,  that,  quickly  getting  up  to  the  top  of  the  pipe,  fome  drops 
of  it  began  to  run  down  along  the  outfide  of  it ; which  oblig’d  us  to  for- 
bear pumping  a while,  and  let  it  fubfide,  as  it  did,  within  lefs  than  two 
inches  of  the  bottom  of  the  pipe.  Then  the  pump  being  again  fet  on 
work,  the  bubbles  began  to  afcend  from  the  bottom  of  the  pipe  ; of  which 
we  reckon’d  about  6 o large  ones,  that  afcended  one  after  another.  And* 
at  length,  letting  in  the  external  air,  the  water,  in  the  pipe,  inftantly  fell 
down  almoft  to  the  bottom  of  it. 

When  the  greater  part  of  the  air  had  been  pump’d  out  of  the  receiver, 
the  bubbles  afcended  fo  very  (lowly  in  the  pipe,  that  their  progrefs  was 
fcarce  difcernible  ; their  magnitude  not  permitting  them  fufficiently  to 
expand  themfelves  in  the  cavity  of  the  glafs,  without  prefiing  againft  the 
fides  of  it.  And,  what  feems  ftrange,  thefe  bubbles  were  commonly  much 
larger  than  thofe  which  rofe  before  them  ; fome  of  them  being  equal  in 
bulk  to  four  or  five  peas. 

And  tho,  in  ordinary  bubbles,  the  air,  together  with  the  thin  film  of 
water  that  invefts  it,  commonly  fwells  above  the  furface  of  the  water, 
and  conftitutes  hemifpherical  bodies  •,  the  little  parcels  of  air,  that  came 
up  after  the  receiver  was  tolerably  emptied,  did  not  make  protuberant 
bubbles  j but  fuch,  whofe  upper  furface  was  either  level  with,  or  be- 
neath that  of  the  water  ; fo  that,  the  upper  furface  being  ufually  fome- 
what  convex, the  lefs  protuberant  parts  had  a quantity  of  water  above  them. 

We  farther  obferv’d,  that,  in  the  bubbles  which  firft  appear’d,  the  af- 
cending  air  made  its  way  upwards,  by  dividing  the  water  thro’  which  it 
pafs’d  ; in  thofe  that  rofe  at  the  latter  end  of  the  experiment,  the  amend- 
ing parcels  of  air,  having  now  little  more  than  the  weight  of  the  incum- 
bent water  to  furmount,  were  able  to  expand  themfelves,  fo  as  to  fill  that 
part  of  the  pipe  which  they  pervaded,  and,  by  prefling  every  way  againft 
the  fides  of  it,  to  raife  what  water  they  found  above  them,  without  letting 
any  confiderable  quantity  glide  down  along  the  fides  of  the  glafs  ; fo  that, 
fometimes,  we  could  fee  a bubble  thruft  on  before  it  a whole  cylinder  of 
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s water,  perhaps  an  inch  high,  and  carry  it  up  to  the  top  of  the  pipe  ; tho’, 
upon  Jetting  in  the  external  air,  thefe  bubbles  fuddenly  vanifh’d. 

Hence  it  appears,  that  the  air,  and  other  bodies  under  water,  may  be 
prefs’d  upon  as  well  by  the  atmofphere,  as  by  the  weight  ot  the  incumbent 
water.  Hence,  likewife,  it  cannot  from  the  preceding  experiment  be 
fafely  concluded,  that  water  uncomprefied,  has  an  elaftic  power  ; fince 
the  intumefcence,  produc’d  in  that  experiment,  may  be  afcrib’d  to  the 
numerous  little  bubbles  produc’d  in  water,  freed  from  the  prefiure  of  the 
atmofphere.  And  hence,  laftly,  it  feems  probable,  that,  in  the  interfaces 
of  water,  there  lie  conceal’d  many  parcels  either  of  air,  or  fomething  ana- 
logous thereto  ; tho’  fo  very  fmall,  that  they  have  not  been  hitherto  fuf- 
pedted  to  lurk  there. 

23.  It  may,  indeed,  be  conjedlur’d,  that  thefe  bubbles  proceed  not  fo 
much  from  any  air  in  the  water,  as  from  the  more  fubtile  parts  of  the  wa- 
ter itfelf. 

We,  therefore,  repeated  our  former  experiment,  in  a three-foot  tube, 
fill’d  with  water,  and  in  a fmall  receiver  *,  and  found,  that,  upon  the  fub- 
fiding  of  the  fluid,  fo  many  bubbles,  vifibly  broke  into  the  upper  part  of 
the  tube,  that,  having  afterwards  let  in  the  external  air,  the  water  was 
not  thereby  impell’d  to  the  top,  within  more  than  half  an  inch.  Then 
we,  again,  drew  the  air  out  of  the  receiver,  and  found,  that,  by  reafon  of 
the  body  which  poflefs’d  the  top  of  the  tube,  we  were  able,  not  only  ta 
make  the  water  fall  to  a level,  with  the  furface  of  that  in  the  veflfel ; but 
alfo  a great  way  beneath  it.  Now,  fince  this  could  not  well  be  afcrib’d  to 
the  bare  fubflding  of  the  water  by  its  own  weight,  the  water  feems  to  have 
been  deprefs’d  by  the  air.  And,  indeed,  the  furface  of  the  water,  in  the 
tube,  was  much  more  concave  than  ufual.  And,  by  the  way,  when  the 
water,  in  the  pipe,  was  funk  almoft  as  low  as  the  water  without  j we  ob- 
ferv’d,  that,  by  the  bare  application  of  the  hand,  moderately  warm,  to 
the  deferted  part  of  the  tube,  the  remaining  water  would  be,  fuddenly, 
confiderably  deprefs’d.  And  having,  for  a while,  held  a kindled  coal  to 
the  outfide  of  the  tube  *,  the  air  was,  by  the  heat,  fo  far  expanded,  that  it 
quickly  drove  the  water  to  the  bottom  of  the  tube,  which  refted  feveral 
inches  below  the  furface  of  the  ambient  water.  Hence  it  appears,  that 
the  air,  when  expanded  to  between  ninety,  and  a hundred  times  its  na- 
tural dimenfions,  will,  yet,  readily  admit  of  a much  farther  rarifadtion, 
by  heat. 

But,  to  proceed  *,  in  cafe  our  bubbles  were  produc’d  by  air,  lurking  in 
the  water  *,  that  air  being  got  together  at  the  top  of  the  tube,  I imagin’d, 
if  the  receiver  were  again  exhaufted,  bubbles  would  not  rife,  as  before  ; 
and,  accordingly,  the  air  being  again  pumped  out,  the  water,  in  the  tube, 
defcended  ; but,  for  a great  while,  we  fcarce  faw  one  bubble  appear  ; 
only  when  the  receiver  had  been  very  much  exhaufted,  and  the  water 
fallen  very  low,  we  difcover’d,  near  the  bottom  of  the  tube,  fome  little 
ones,  which  feem’d  to  confift  of  fuch  parcels  of  air,  as  had  not,  by  rea- 
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fon  of  their  fmallnefs,  got  lip  to  the  top  of  the  water,  with  the  morePNEUMATTcs 
bulky  and  vigorous  fort.  And  having,  by  letting  in  the  air,  forced  up 
the  water  into  the  tube,  we  could  not  perceive  that  it  afcended  near  the 
top,  tho’  the  engine  remain’d  unemploy’d  for  two  or  three  nights  toge- 
th  r.  Having,  alfo,  try’d  a like  experiment  with  quick- filver,  infreacl 
of  water,  in  a tube  about  a foot  and  a half  long  *,  upon  drawing  down 
the  quick  filver  as  low  as  poflible,  and  letting  in  the  external  air,  v/e 
found,  that  fome  lurking  particles  of  air  were  got  up  to  the  top  of  the 
tube,  and  hinder’d  the  quick-filver  from  rifing  to  that  height  again.  And, 
tho’  the  mercury  were,  by  this  means,  brought  to  appear  as  a very  clofe 
cylinder  ; yet  the  air,  in  the  receiver,  being  again  evacuated,  I could  per- 
ceive feveral  little  bubbles  fatten’d  to  the  infide  of  the  tube,  near  the  bot- 
tom. And,  having  purpofely  watched  one  or  two  of  the  principal,  I ob- 
ferv’d,  that  tho’  they  grew  gradually  bigger,  as  the  furface  of  the  mer- 
curial cylinder  fell  nearer  to  them  *,  fo  that,  at  length,  they  fwell’d  to  a 
confiderable  bulk;  yet,  upon  letting  in  the  air,  they  did  not  break,  but 
prefently  fhrunk  up,  till  they  became  invifible. 

Hence,  it  feems  highly  probable,  that,  even  in  the  clofett,  and  moft 
ponderous  liquors,  and  therefore,  much  rather  in  water,  there  may  lurk 
undifcernible  parcels  of  air,  capable,  upon  the  removal  of  the  preffure  of 
the  atmofphere,  and  that  of  the  liquor  wherein  it  lurks,  to  produce  con- 
fpicuous  bubbles. 

From  thefe  feveral  particulars,  it  feems  plain,  that  the  bubbles  we  have 
been  treating  of,  were  produced  by  fuch  a fubttance,  as  may  be  properly 
enough  call’d  air  ; tho’  we  do  not,  pofitively,  determine,  whether  air  be 
a primogenial  body,  that  cannot  be  generated,  or  turn’d  into  water,  or 
any  other  body.  This  feems  an  important  quettion,  and  might  greatly 
conduce  to  explain  the  nature  of  the  air. 

Many  naturalifls  etteem  the  air  to  be  ingenerable,  and  incorruptible  ; Whether  air 
and  plaufible  reafons  may  be  drawn,  to  countenance  this  opinion,  from  may  he  genera- 
the  permanency  required  in  the  corporeal  principles  of  other  bodies.  Schot-  teJ^teG^  trai ^ 
tus  tells  us,  that,  in  the  Mufceum  Kircherianum , there  is  a gJafs,  near 
half  full  of  ordinary  fpring-water,  which,  having  been  hermetically  feal’d 
up  by  the  famous  Clavius , is,  to  this  day,  preferv’d  not  only  clear  and 
pure,  but  without,  in  the  leaft,  turning  into  air,  tho’  it  has  flood  for 
fifty  years. 

Nor  doth  it  appear,  in  thofe  glafles  which  are  hermetically  feal’d  for 
chymical  ufes,  that  the  included  air,  during  its  long  imprifonment,  not- 
withflanding  the  alteration  it  receives  from  various  degrees  of  heat,  dif- 
cernibly  alters  its  nature  ; whilfl  we  plainly  perceive,  in  digeflions  and  di- 
flillations,  that,  tho’  water  may  be  rarified  into  vapours ; yet  it  is  not, 
really,  changed  into  air,  but  only  divided  by  heat,  and  diffufed  into  very 
minute  parts ; which,  meeting  together,  prefently  return  to  fuch  water 
as  they  conflituted  before.  And  even  fpirit  of  wine,  and  other  fubtileand 
fugitive  fpirits,  tho’  they  readily  fly  into  the  air,  and  mingle  with  it,  do 
yet,  in  the  glafles  of  chymifls,  eaflly  refume  the  form  of  liquors*  And  fo 
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PL/vsT  volatile  falts,  tho’  they  will  readily  difperfe  themfelves  in  the  air,  and 
^ play  up  and  down  the  capacity  of  a receiver;  yet,  after  a while,  fatten 
themfelves  to  the  infide  thereof,  in  the  form  of  falts. 

And  the  experiment  made  in  our  engine,  with  a piece  of  match,  feems 
to  fhew,  that  even  thofe  light  and  fubtile  fumes,  into  which  the  fire  itfelf 
fhatters  dry  bodies,  have  no  fuch  fpring  as  that  of  the  air  ; fince  they 
were  unable  to  hinder  the  expanfion  of  the  air,  included  in  a bladder  they 
Surrounded.  Jofephus  Acojla,  indeed,  tells  us,  that  he  faw,  in  the  Weft- 
Indies,  fome  grates  of  iron  fo  rutted  and  confumed  by  the  air,  that  the 
metal  crumbled  between  the  fingers,  was  like  parch’d  draw.  Varemus , 
alfo,  tells  us,  that  in  the  iflands  call’d  Azores , the  Air  is  fo  lharp,  as,  in 
a Ihort  time,  to  fret  not  only  iron-plates,  but  the  very  tiles  upon  the 
roofs  of  houfes,  and  reduce  them  to  duft.  But  it  may  be  faid,  that  thefe 
authors  afcribe  fuch  effe&s,  chiefly,  to  the  winds  ; and  that  the  corro- 
fion  of  the  iron  may  proceed  not  from  the  air  itfelf,  or  any  of  its  ge- 
nuine parts  ; but  from  fome  faline  corpufcles  difperfed  thro’  it,  and  dri- 
ven, by  the  winds,  againft  the  bodies  it  is  prefumed  to  fret. 

But,  to  try  whether  water  could  be  turn’d  into  air,  we  fill’d  an 
seohpile  therewith  ; and  placing  it  upon  kindled  coals,  when  the  heat  forc’d 
out  a vehement  ttream  of  aqueous  vapours,  we  ty’d  an  empty  bladder 
about  the  neck  of  it;  and  finding  the  teolipile,  after  a while,  to  blow  up 
the  bladder,  we  carefully  ty’d  it  again,  that  the  included  fubftance  mighc 
not  get  away.  Then  flipping  it  off  from  the  aeolipile,  we  convey’d  it 
into  our  exhaufted  receiver,  and  found,  that  the  included  fubftance  ex- 
panded to  a much  greater  bulk  than  before.  And,  having  again  taken 
out  the  bladder,  we  fuffer’d  it  to  remain  ty’d  up  till  the  next  morning 
when  it  appear’d  little  lefs  tumid  : but,  upon  repeating  the  experiment  I 
found  it  very  difficult  to  make  it  fo  accurately,  as  to  Ihew,  that  water 
may  be  rarify’d  into  true  air. 

On  the  other  hand,  we  found,  by  experience,  that  water,  rarify’d  into 
vapour,  may,  for  a while,  refemble  the  elaftic  power  of  the  air.  For,  if 
you  fill  a convenient  asolipile  with  water,  and  lay  it  upon  quick-coals,  you 
may,  after  a while,  obferve  fo  great  a preffure  of  fome  of  the  parts,  con- 
tain’d in  it,  upon  others  ; that  the  water  will,  fometimes,  be  thrown  up 
into  the  air,  above  three  or  four  feet  high.  And,  if  you  then  take  the 
aeolipile,  almoft  red-hot,  from  the  fire,  you  may  perceive,  that  the  water 
will,  for  a confiderable  time,  be  fpouted  out  in  a violent  ftream.  And, 
if  there  remains  but  little  water  in  the  aeolipile,  when  ’tis  thus  taken  from 
the  fire*,  immerfing  the  neck  of  it  into  cold  water,  you  will  find,  that, 
after  it  begins  to  draw  fome  of  it  in,  there  will  be  generated,  from  time 
to  time,  many  large  bubbles  in  that  water  wherein  the  neck  was  plunged. 
Thefe  bubbles  feem  manifeftly  to  proceed  from  hence,  that,  for  a 
while,  the  heat,  in  the  aeolipile,  continues  ftrong  enough  to  rarify  part  of 
the  water  that  is  fuck’d  in,  and  expel  it,  in  the  form  of  vapours,  thro’ 
that  incumbent  on  the  pipe.  If,  alfo,  when  the  aeolipile  is  almoft  full  of 
water,  you  hold  a fire-brand  in  that  ftream  of  vapours  which  iflues  out 
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of  the  narrow  mouth  thereof,  it  will  be  very  drongly  blown  with  a con-PN*™^ICS 
fiderable  noife.  And  it  has  been  obferved,  that,  by  placing  the  brand 
almod  at  the  mouth  of  the  asolipile,  the  wind  appear’d  more  vehement, 
than  if  it  were  held  fo me  inches  from  it. 

The  eladic  power  of  this  dream,  indeed,  feems  maniftdly  owing  to  the 
heat  that  expands,  and  agitates  the  aqueous  particles  thereof;  and  fuch 
rapid  winds  feem  to  be  but  water  broke  into  little  parts,  and  put  in  mo^ 
tion  ; fince,  by  holding  a folid,  fmooth,  and  clofe  body  againd  it,  the 
vapours  condenfing  thereon,  will  prefently  cover  that  body  with  water. 

But  Kircher  relates  a remarkable  experiment,  which  feems  to  fhew,  that 
water  is  convertible  into  air.  He  tells  us,  that  he  made  an  hydraulic  or- 
gan, which  was  fupplied  with  wind  after  the  following  manner.  cc  There  Fig.  35. 

“ was  built  a little  chamber  A H,  five  feet  high,  and  three  broad,  with 
M two  tranfverfe  partitions  C D,  and  EF,  perforated  like  a deve  ; under 
“ thefe  ran  a pipe  G,  which  carried  the  water  that,  by  a d op-cock.  was 
fc  Jet  out  at  H:  the  water,  therefore,  rufhing  in  violently  at  G,  excited 
<c  a very  great  wind  within  ; which  bringing  too  much  moidure  along 
44  with  it,  the  partitions  were  contrived  to  purge  it  therefrom,  that  it 
“ might  be  convey’d  more  pure  thro’  the  pipe  A : but  to  render  the  air 
“ dill  more  pure,  we  made  a fpiral  tube  of  lead  QR,  and  inferted  it  in* 
to  the  vefifel  S : by  which  means  the  air  arrived  at  the  organ,  thro’  the 
“ orifice  Z,  as  dry  as  if  it  had  come  out  of  an  oven.” 

Now,  if  the  wind  that  blows  the  organ  here,  doth  not,  upon  the  cef- 
fation  of  its  unufual  agitation,  gradually  relapfe  into  water,  I fhould 
drongly  fufpeft,  that  ’tis  podible  for  water  to  be  ealily  turn’d  into  air  ; 
for  it  can  fcarce  feem  probable,  that  fo  little  air,  as  is  commonly  contain’d 
in  water,  fhould  be  able,  in  fo  fmall  a quantity  of  water,  as  feems  here  em- 
ploy’d, to  make  fo  violent  a wind  as  our  author  fpeaks  of.  I,  therefore, 
fufped  that  the  wind,  in  this  cafe,  may  be  produced  by  fmall  particles  of 
the  water  itfelf,  forcibly  expell’d  out  of  the  chamber  into  the  organ.  And 
tho*  no  heat  intervenes,  perhaps,  motion  alone,  if  vehement,  may  fuf- 
fice  to  break  water  into  very  minute  parts,  and  make  them  afcend  up- 
wards, if  they  cannot,  otherwife,  more  eafily,  continue  their  agitation. 

For,  I remember,  that  betwixt  Lyons  and  Geneva , where  the  Rhone  is 
fuddenly  draitned  by  two  rocks,  exceedingly  near  each  other,  that  rapid 
dream,  dafhing,  with  great  impetuofity,  againd  them,  breaks  part  of  its 
water  into  fuch  minute  corpufcles,  and  gives  it  fuch  a motion,  that  a mid, 
as  it  were,  may  be  obferv’d  at  a confiderable  didance,  arifing  from  the 
place,  and  afcending  high  into  the  air.  But,  it  feems  odd,  that  aqueous 
vapours  fhould,  like  a dry  wind,  pafs  thro’  fuch  a long  winding  pipe  of 
lead,  as  that  defcribed  by  our  author  ; fince  we  fee,  in  the  heads  of  dills, 
and  in  the  necks  of  aeolipiles,  fuch  vapours  are  prefently,  even  by  a very 
little  cold,  condenfed  into  water. 

We  took  a clear  glafs  bubble,  capable  of  containing  three  ounces  of  wa- 
ter, with  a long  and  wide  cylindrical  neck  ; this  we  fill’d  with  oil  of  vitri- 
ol, and  fair  water,  of  each  almod  a like  quantity  ; and  cading  in  fix 
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pneumatics  fma]}  iron  nails,  we  ftopt  the  mouth  of  the  glafs,  which  was  now  full  of 
liquor,  with  a piece  of  diapalma,  and  fpeedily  inverting  the  bubble,  we 
put  the  neck  of  it  into  a fmall  wide-mouth’d  glafs,  with  more  of  the  fame 
liquor  in  it  *,  and  as  foon  as  the  neck  had  reach’d  the  bottom  of  the  li- 
quor, there  appear’d,  at  the  upper-part  of  the  vial,  a bubble,  about  the 
bignefs  of  a pea,  which  feem’d  rather  to  confift  of  new  fmall  bubbles, 
produc’d  by  the  action  of  the  diffolving  liquor  upon  the  iron,  than  any 
parcel  of  the  external  air,  that  might  be  fufpedted  to  have  got  in  upon 
the  inverfion  of  the  glafs-,  efpecially  fince  we  allow’d  time  to  thofe  little 
particles  of  air,  which  were  carried  down  with  the  nails,  to  fly  up  again  ; 
and,  foon  after,  we  perceiv’d  the  bubbles,  produc’d  by  the  a&ion  of  the 
menflruum  upon  the  metal,  afcending  in  fwarms  to  the  former*,  and 
breaking  into  it,  they  foon  exceedingly  increas’d  it,  and,  by  degrees,  de- 
prefs’d  the  water,  till,  at  length,  the  fubftance  contain’d  in  thefe  bubbles, 
poflefs’d  the  whole  cavity  of  the  vial,  and  moft  of  its  neck  too  *,  reaching 
much  lower  therein,  than  the  furface  of  the  ambient  liquor,  wherewith 
the  open- mouth’d  glafs  was,  by  this  means,  almoft  replenifh’d.  We  fuf- 
fer’d  both  the  vial,  and  the  open-mouth’d  glafs,  to  remain  as  they  were, 
in  a window,  for  three  or  four  days  and  nights  together  *,  but  often  look- 
ing upon  them,  during  that  time,  as  well  as  at  the  expiration  of  it,  the 
whole  cavity  of  the  glafs  bubble,  and  moft  of  its  neck,  feem’d  to  be  pof- 
fefs’d  by  air  *,  fince,  by  its  fpring,  it  was  able,  for  fo  long,  to  hinder  the 
expell’d  liquor  that  furrounded  it,  from  regaining  its  former  place.  And 
juft  before  we  took  the  vial  out  of  the  other  glafs,  upon  the  application 
of  a warm  hand  to  the  convex  part  of  the  bubble,  the  imprifon’d  fub- 
ftance readily  dilated  itfelf,  like  air,  and  broke  thro’  the  liquor  in  feveral 
fucceeding  bubbles. 

Having  alfo,  at  another  time,  made  the  like  experiment,  with  a fmall 
vial,  and  nails  diflfolv’d  in  Aquafortis , we  found  it  fucceeded  as  the  fore- 
going. And  here  we  obferv’d,  that  the  fteams  newly  generated,  did  not 
only  poflfefs  almoft  the  whole  cavity  of  the  glafs,  but  feveral  times,  of 
themfelves,  broke  away  in  large  bubbles,  thro’  the  ambient  liquor  into 
the  open  air  *,  whence  thefe  experiments  feem’d,  manifeftly,  to  prove, 
that,  in  general,  air  may  be  generated  de  novo. 

And  if,  according  to  the  mechanical  hypothefis,  the  difference  of  bodies 
proceeds  but  from  the  various  magnitudes,  figures,  motions,  and  textures 
of  the  fmall  parts  they  confift  of ; there  appears  no  reafon  why  the  minute 
parts  of  water,  and  other  bodies,  may  not  be  fo  agitated,  or  connected, 
as  to  deferve  the  name  of  air. 

24.  We  chofe  a glafs-egg,  half  an  inch  in  diameter  at  the  top,  and  an 
inch  at  the  bottom  *,  and  filling  it  with  common  water,  to  the  height  of 
.about  a foot  and  a half,  fo  that  the  upper  part  remain’d  empty,  we  en- 
clofed  it  in  the  receiver*,  and,  upon  pumping,  obferved  bubbles  at  the 
bottom  and  fides  of  the  glafs ; and,  increafing  as  the  air  was  drawn  away, 
they,  from  time  to  time,  plentifully  afcended  to  the  top  of  the  water,  where 
they  quickly  broke  *,  but  the  widenefs  of  the  glafs  allowing  them  free 
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paffage  thro*  the  water,  they  did  not,  as  in  the  former  experiments,  feemPNy^ATIC 
to  make  it  fwell ; and  upon  the  return  of  the  external  air,  the  water  ap- 
pear’d  to  have  loft  of  its  fir  ft  extent,  by  the  avolation  of  the  air  inter- 
fperfed. 

We  put  about  two  ounces  of  rain-water,  carefully  diftilled,  into  a 
round  glafs-bubble  with  a very  fmall  neck,  which  was  thereby  fill’d  halfway 
to  the  top,  and  then  conveyed  it  into  the  receiver  ; and,  tho’  we  drew  out 
more  air  than  ordinary,  there  appear’d  not  the  lead  intumeftxnce  of  the 
water,  nor  any  afeending  bubbles.  But  fufpe<fting  that  either  the  fmall 
quantity  of  the  water,  or  the  figure  of  the  veffel,  might  affeCt  the  experi- 
ment, we  took  the  former  glafs  egg,  and  another,  not  much  different  from 
it,  and  fill’d  the  firff,  with  diftill’d  rain-water,  to  the  old  mark,  and  into 
the  latter,  put  a long  cylinder  of  folid  glafs,  to  ftraiten  the  cavity  of  the 
neck  ; and  then  pouring  fome  diftill’d  water  into  that  alfo,  till  it  reached 
near  the  top,  they  were  both  let  down  into  the  receiver  : but  here  the  air 
was  fo  far  exhaufted,  before  there  appear’d  any  bubble  in  either  of  the 
glaffes,  that  the  difference  betwixt  this  and  common  water,  was  very  ma- 
nifeff.  But,  at  length,  when  the  air  was  almoft  quite  drawn  out,  the  bub- 
bles began  to  difclofe  themfelves,  and  to  increafe,  as  the  preffure  of  the  air, 
in  the  receiver,  decreafed.  But,  in  the  firff  egg,  the  bubbles  were  very 
fmall,  and  never  able  to  fwell  the  water  above  the  mark ; in  the  other, 
whofe  neck  was  ftraitned,  great  numbers  of  large  ones  faften’d  themfelves 
to  the  lower-end  of  the  folid  piece  of  glafs,  and  gather’d  to  fuch  a degree, 
between  it  and  the  fides  of  the  neck,  that  the  water  fwell’d  a finger’s 
breadth  above  the  mark,  tho’,  upon  admitting  the  external  air,  it  relaps’d 
to  the  former  mark,  or  rather  fell  below  it:  upon  which,  all  the  bubbles 
prefently  difappear’d  in  the  former  veffel ; whilft  feveral  remain’d  faften’d 
to  the  lower-part  of  the  glafs  cylinder,  and  continued  there  for  above  an 
hour  after,  but  contracted  in  their  dimenfions. 

And  having  fuffer’d  thefe  glaffes  to  remain  above  twenty-four  hours  in 
the  receiver,  we,  afterwards,  repeated  the  experiment  ; but  tho’  the  recei- 
ver was  carefully  exhaufted,  yet  we  fcarce  faw  a bubble  in  either  of  the 
glaffes ; yet  the  water  rofe  the  breadth  of  a barley-corn  in  the  neck  of  that 
glafs  wherein  the  folid  cylinder  had  been  placed  ; the  liquor,  in  the  other, 
not  being  fen fibly  fwel led.  And,  Jaftly,  upon  letting  in  the  air,  the  wa- 
ter in  the  ftraitned  neck,  foon  fubfided  to  the  mark,  above  which  it  had 
ftretched. 

25.  We  took  a glafs  egg,  with  a long  neck,  of  about  | inch  in  diameter,  ^ 
and  pouring  in  fallad-oil  till  it  reach’d  above  half  way  to  the  top,  we  in-  tain'j  in 
clofeditin  the  receiver,  together  with  fome  common  water  in  a fimilar  veffel. 

The  pump  being  fet  on  work,  there  began  to  appear  bubbles  in  the  oil, 
much  focner  than  in  the  water;  and  afterwards  they,  alfo,  afeended  more 
plentifully  in  the  former,  than  in  the  latter ; and  when  the  receiver  was 
well  exhaufted,  the  bubbles  arole  almoft  as  numerous  as  ever : fo  that  none 
of  the  various  liquors,  we  have  try’d,  feem’d  to  abound  more  with  aerial 
particles,  than  this  oil.  And  here  ’twas  remarkable,  that  between  the  time 
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Oil  of  turpen 
tine. 


Oil  of  tartar. 


Pneumatics it  was  pUt  jnt0  the  receiver,  and  that  before  we  could  work  the  pump,  it 
fubfided  about  half  an  inch  below  the  mark  it  at  firft  reach’d  to. 

Common  oil  of  turpentine,  being  put  into  a fmall  glafs  bubble  with  a 
(lender  neck,  fo  as  to  fill  it  about  two  inches  from  the  top,  prefented  us, 
upon  evacuating  the  receiver,  with  numerous  bubbles  ; moft  of  which,  ri- 
ling from  the  bottom,  expanded  themfelves exceedingly  in  their  afcent,  and 
made  the  liquor,  in  the  neck,  to  fwell  fo  much  by  degrees,  that  at  length, 
it  feveral  times  ran  over  at  the  top : whereby  we  were  hindered  from  dif- 
cerning,  upon  letting  in  the  air,  how  much  the  finking  of  the  oil,  below 
the  firft  mark,  was  due  to  the  recefs  of  the  bubbles. 

Having  filled  a glafs  egg  with  a very  ftrong  folution  of  fait  of  tartar  in 
fair  water-,  tho’  this,  except  quick-filver,  is  reckon’d  the  heavieft  of  li- 
quors; we  try’d,  whether  it  would  afford  any  bubbles;  and  putting  it 
into  the  receiver,  along  with  other  liquors,  we  found  that  they  yielded 
many  bubbles,  long  before  any  appeared  in  that:  and  upon  profecuting 
the  experiment,  itfeemed,  of  all  the  liquors  whereof  we  made  trial,  this 
afforded  the  feweft  and  fmalleft  bubbles. 

Spirit  of  vine-  Spirit  of  vinegar,  examined  after  the  fame  manner,  exhibited  a mode- 

st red  wine,  rate  quantity  of  bubbles.  In  red  wine,  we  found  nothing  very  remarka- 
and  milk.  b]e  . for  tj10»  Up0n  the  exfudtion  of  the  air,  the  bubbles  afcended  in  it,  as 
it  were  in  fhoals,  and  (Lifted  places,  among  themfelves,  in  their  afcent ; yet 
the  intumelcence  of  the  whole  bulk  of  the  liquor  was  fcarce  (enfible ; the 
bubbles  mod  commonly  breaking  very  loon  alter  their  arrival  at  the  top  ; 
whereduring  their  (lay,  they  compofed  a kind  of  (hallow  froth,  which,  a- 
lone,  appear’d  higher,  in  the  neck  of  the  glafs,  than  the  wine,  when  it 
was  firft  let  down.  Milk  conveyed  into  our  receiver,  prefented  us  with 
nothing  confiderable,  except  that  the  bubbles,  noteafily  breaking  at  the 
top,  and  thrufting  up  one  another,  made  the  intumefcence  appear  much 
greater  than  that  of  common  water. 

Egg*-  We  likewife  convey’d  hens  eggs  into  the  receiver,  but  after  the  exfudtion 

of  the  air,  took  them  out  whole  again. 

Spirit  of  urine  We  put  fome  fpirit  of  urine  into  a glafs  egg,  fill’d  another  glafs  to  about 
and  of  wine,  two  thirds  of  its  neck,  with  rectified  fpirit  of  wine,  and  a third  with  com- 
mon water,  till  it  reach’d  to  the  middle  of  the  neck,  and  then  poured  to  it 
of  the  fame  fpirit  of  wine,  till  it  reach’d  about  an  inch  higher.  Thefe  glafies, 
having  marks  fet  on  them,  over  againft  the  tops  of  the  contain’d  liquors, 
were  put  into  the  receiver,  and  that  beginning  to  be  evacuated,  bubbles 
began  to  appear  in  all  three.  The  mixture  of  fpirit  o(  wine  and  water, 
difclofed  numerous  bubbles,  efpecially  towards  the  top,  and  the  fpirit  of 
urine  appear’d  to  fwell  near  an  inch  and  a half  above  the  mark,  and  yielded 
plenty  of  bubbles,  which  made  a kind  of  froth  at  the  upper  part  of  it ; and 
above  that,  there  appear’d  eight  or  ten  great  bubbles,  one  higher  than  a- 
nother,  each  of  them  conftituting,  as  it  were,  a cylinder  of  about  half  an 
inch  high,  and  as  broad  as  the  internal  cavity  of  the  neck  *,  fo  that  all  the 
upper  part  of  the  neck  feemed  to  be  divided  into  equal  parts,  by  tranf- 
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verfe  partitions,  confiding  of  thecoatsof  the  bubbles,  whofe  edges  ap-PNF UMATICS 
pear’d  like  fo  many  rings,  fufpended  one  above  another. 

In  the  fpirit  of  wine,  there  arofe  a great  multitude  of  bubbles,  all  the 
while  the  experiment  was  in  hand,  which  afcended  with  a great  velocity,  and 
being  arrived  at  the  top,  made  no  day  there  ; yet,  notwithdanding  the 
great  duidity  and  volatility  of  the  liquor,  before  they  broke  they  lifted  up  the 
upper  furface  of  it,  and  for  a moment  or  two,  formed  thereof,  a thin  film, 
which  appear’d  protuberant,  above  the  red  of  the  fuperficies,  like  a fmall 
hemifphere:  thefe  alfo  afcended  in  drait  lines,  whild  thofe  produced  at 
the  lower  part  of  the  veflel,  containing  the  mixture  of  the  water  and  fpi- 
rit  of  wine,  afcended  with  a wavering  motion,  defcribing  an  indented  line. 

Ladly,  it  was  obfervable  in  the  fpirit  of  wine,  as  alfo  in  the  oil  of  turpen- 
tine, lately  mention’d,  that  not  only  the  bubbles  feem’d  to  rife  from  deter- 
minate places,  at  the  bottom  of  the  glafs  ; but  that,  in  their  afcent,  they 
kept  an  almod  equal  didance  from  each  other,  and  fucceeded  in  a certain 
order,  whence  they  feem’d  part  of  fmall  bracelets,  confiding  of  equally 
fmall  feparate  beads;  the  lower  end  of  each  bracelet  being,  as  it  were, 
fadened  to  a point,  at  the  bottom  of  the  glafs. 

The  air  being  fparingly  let  into  a receiver,  the  great  bubbles  incumbent 
upon  one  another,  in  the  glafs  that  contain’d  the  fpirit  of  urine,  were  by 
regular  degrees  leflen’d,  till  at  length  they  wholly  fubfided.  Notwith- 
ftanding  the  recefs  of  fo  many  bubbles  as  broke  on  the  top  of  the  fpirit  of 
urine,  during  all  the  time  of  the  experiment,  yet  it  fcarcely  appear’d  at  all 
funk  below  the  mark.  Nor  did  the  mixture  of  fpirit  of  wine  and  water 
confiderably  fubfide.  But  the  fpirit  of  wine,  not  only  vifibly  expanded  it- 
felf  in  the  neck  of  the  veflel,  that  contain’d  it,  whild  the  bubbles  broke  at 
the  top  of  it,  almod  as  foon  as  they  arrived  there  *,  but  upon  the  re-admif- 
fion  of  the  external  air,  it  retain’d  its  new  expanfion.  And,  tho’  we  let  it 
alone,  for  near  an  hour  together,  yet  when  we  took  it  out,  it  dill  fwell’d 
between  a quarter  and  half  an  inch  above  the  mark.  Repeating  the  experi- 
ment with  frefh  fpirit  of  wine,  it  fwell’d  in  the  neck  as  formerly ; and 
leaving  it  all  night  in  the  receiver,  and  allowing  free  accefs  to  the  external 
air  at  thedop-cock,  I found  it,  the  next  day,  dill  expanded,  as  before  ; 
only  it  feem’d  a little  lower  ; which  decreafe,  perhaps,  proceeded  from  the 
avolation  of  fome  of  the  fugitive  parts  of  the  liquor.  And  for  farther  fatif- 
faftion,  having  taken  out  the  glafs,  and  confider’d  it  in  the  open  air  at  a 
window  ; I could  not  find,  that  there  was  any  remaining  bubble  to  occafi- 
on  the  continuance  of  this  drange  expanfion. 

26.  We  took  two  very  fmall  vials,  of  the  fize  and  fhape  exprefled  in  The  gravity  of 
Fig.  36.  and  into  one  of  them,  put  fo  much  of  a certain  ponderous  mercu-  air  expanded 
rial  mixture,  that,  the  mouth  being  dopp’d  with  a little  foft  wax,  the  glafs  un^er  waLer' 
would  but  jud  fink  in  water : this  we  let  fall  to  the  bottom  of  a wide- 
mouth’d  crydal  jar,  fill’d  with  about  half  a pint  of  common  water;  and 
into  the  fame  veflfel,  we  funk  the  other  glafs,  undopp’d,  with  as  much  water 
in  it  as  was  more  than  fufficient  to  make  it  fubfide.  Both  thefe  funk  with 
their  mouths  downwards ; the  former  being  about  three  quarters  full  of  air, 
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Pnuematics  ancJ  the  latter  containing  in  it  a bubble  of  air  as  big  as  halfa  pea;  then 
the  wide- mouth’d  glafs  was  let  down  into  the  receiver*  and  the  engine  be- 
ing work’d,  the  bubbles  began  to  appear  in  the  water,  as  in  the  former  ex- 
periments ; but  continuing  Jong  to  ply  the  pump,  that  little  glafs,  whofe 
mouth  was  open’d,  came  to  the  top  of  the  water ; being,  as  it  wet  e,  buoy- 
ed up  by  a great  number  of  bubbles,  that  had  fatten’d  themfelves  to  the 
lides  of  it ; and  fwimming  thus,  with  the  mouth  downward,  we  could  eafi- 
Jy  perceive,  that  the  internal  air  above-mention’d,  had  much  dilated  it* 
felf,  and  thereby  feem’d  to  have  contributed  to  the  emerging  of  the  glafs, 
which  remain’d  floating,  notwithstanding  the  breaking,  and  vaniftiing  of 
mod  of  the  contiguous  bubbles.  And  perfitting  in  pumping,  we  obferv’d, 
that  at  each  time  the  key  was  turn’d,  the  air,  in  the  little  glafs,  manifeft- 
Jy  expanded  itfelf,  and  thruft  out  the  water  ; generally  retaining  a very 
protuberant  furface,  where  it  was  contiguous  to  the  remaining  water. 
And  when,  after  feveral  exfuftions  of  the  air  in  the  receiver,  that  in  the 
vial  fo  dilated  itfelf,  as  to  expel  almoft  all  the  water,  it  turn’d  up  its  mouth 
towards  the  furface  of  the  water  in  the  jar.  and  there  deliver’d  a large  bub- 
ble, and  then  relaps’d  into  its  former  floating  pofture. 

This  experiment  taught  us,  that  it  was  a work  of  more  time  and  la- 
bour, than  we  imagin’d,  to  exhauft  our  receiver  as  much  as  it  may  be  ex- 
haufted  ; for  tho’  before  the  fmall  vial  emerged,  we  thought  the  receiver 
confiderably  emptied,  becaufe  there  feem’d  to  come  but  very  little  air 
at  each  exfudtion,  out  of  the  cylinder;  yet,  afterwards,  the  air  included 
in  the  vial,  manifeflly  dilated  itfelf  upon  each  flroke,  fo  long,  that  for 
nine  times  it  turn’d  its  mouth  upwards,  and  difeharg’d  a bubble  about  the 
bignefs  of  a pea.  But  that  vial  which  had  the  weight  in  it,  rofe  not  at 
all:  then  leifurely  letting  in  the  air,  that  within  the  vial  fhrinking  into 
a very  narrow  compafs,  the  glafs  fell  down  to  the  bottom  of  the 
jar. 

But  being  defirous  to  try  once  more,  whether  the  little  glafs  with 
the  weight  in  it,  might  not  alfo  be  rais’d  ; after  we  had  luffer’d  the  en- 
gine to  remain  clos’d,  as  it  was,  for  five  or  fix  hours,  the  pump  was  a- 
gain  ply’d  fo  vigoroufly,  that  not  only  about  the  upper-part  of  the  jar, 
there  appear’d  a large  number  of  fmall  bubbles;  but  afterwards,  there 
came  from  the  bottom  of  the  jar,  fome  as  large  as  fmall  peas,  which,  the 
pump  being  (till  kept  going,  follow’d  one  another,  to  the  number  of  forty, 
coming  from  the  flopp’d  vial ; whofe  mouth,  it  feems,  had  not  been  fliut  fo 
clofely,  but  the  included  air  found  a pafiage  betwixt  the  wax  and  the 
glafs.  After  this,  the  unftopp’d  glafs  began  to  float  again ; the  air  fhut  up 
in  it,  being  fo  dilated  as  to  expel  a large  part  of  the  water,  but  not  fo 
much  as  to  break  quite  thro’.  And,  at  length,  the  heavier  of  the  two 
vials  began  to  rife,  but  immediately  fubfided  again:  which  feem’d  owing 
to  the  air  within  it,  whofe  bulk  and  fpring  being  weakned  by  the  recefs 
of  the  forty  bubbles,  it  was  no  longer  able  to  break  thro*  the  incumbent 
water  ; but  forming  a bubble,  at  the  mouth  of  the  glafs,  buoy’d  it  up  to- 
wards the  top,  and  there  getting  away,  left  it  to  fink  again  ; till  the  pref- 
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fure  of  the  air  in  the  receiver,  being  farther  taken  off,  the  air,  in  the  via],  Pf,EUMATic'j 
was  permitted  to  expand  itfelf  farther,  and  create  another  bubble,  by 
which  it  was  again,  for  a while,  carry’d  up.  And  though,  after  having 
empty’d  the  receiver  as  far  as  we  well  could,  we  ceafed  from  pumping  ; 
yet  the  veflel,  continuing  more  flanch  than  ufual,  this  afeent  and  fall  of 
the  vial  were  repeated  to  the  ninth  time  ; the  included  air,  by  reafon  of 
the  fmallnefs  of  the  vent  at  which  it  mud;  pafs  out,  being  not  able  to  get 
away,  otherwife  than  by  fmall  degrees,  and,  confequently,  in  feveral  fuch 
parcels  as  were  able  to  conflitute  bubbles,  each  of  them  big  enough  to  raife 
the  vial,  and  keep  it  fufpended  till  the  bubble  flew  off.  Hence  it  may 
appear,  that  a body  lighter  than  an  equal  bulk  of  water,  will  float  in  that 
fluid,  when  the  prefifure  of  the  atmofphere  is,  in  very  great  meafure,  ta- 
ken off  from  the  liquor  and  the  body : tho’  it  were  worth  inquiring  what 
it  is  that  fo  plentifully  concurs  to  fill  the  bubbles  made  in  our  experiment, 
by  the  air  fo  much  expanded. 

In  this  experiment,  as  in  the  former,  the  external  air  being  let  in,  foon 
precipitated  the  floating  veflel.  And  the  water  which,  in  the  heavier  vial, 
fucceeded  in  the  room  of  thofe  forty,  or  more,  great  bubbles  of  air, 
which,  at  feveral  times,  got  out  of  it ; was  of  a very  inconfiderable 
bulk. 

27.  It  having  been  obferv’d,  that  pendulums  vibrate  more  flowly,  and  A pendulum 
that  their  motion  fooner  ceafes  in  a thicker,  than  in  a thinner  medium  ; ™ade  tofwwg 
we  thought  proper  to  try  if  a pendulum  would  move  fafter,  or  vibrate  m ;acU0i 
longer,  in  our  exhausted  receiver,  than  out  of  it.  We  therefore  took 
two  round  polifhed  fleel-pendulums,  of  equal  bignefs,  each  of  them  weigh- 
ing twenty  drams,  bating  fo  many  grains.  One  of  thefe  we  fufpended  in 
the  cavity  of  the  receiver,  by  a very  {lender  firing,  about  feven  inches  and 
a half  in  length,  from  the  cover  of  the  receiver  whereto  it  was  faften’d. 

Then  we  made  the  pendulum  fwing,  and,  counting  the  returns  of  the 
other  that  hung  in  the  open  air,  by  a firing  about  the  fame  length,  we 
fhorten’d  and  lengthen’d  this,  till  it  appear’d  to  keep  the  fame  pace  wdth 
that  in  the  receiver.  Then,  having  carefully  drawn  away  the  air,  we 
again  made  the  pendulum  in  the  receiver  vibrate  i and,  giving  to  the  other 
fuch  a motion,  as  caus’d  it  to  deferibe  an  arch,  apparently  equal  to  that 
of  the  included  pendulum,  we  counted  the  recurfions  of  both  ; and  we 
reckon’d  two  and  twenty  vibrations  of  the  included  pendulum,  whilfl  but 
twenty  were  obferv’d  of  the  other.  And  at  another  time,  alfo,  the  for- 
mer was  found  to  have  made  twenty- one  returns,  whilfl  the  other  made 
but  twenty.  Yet  this  experiment  feem’d  to  teach  us  little,  except  that  the 
difference  betwixt  the  motion  of  fuch  a pendulum,  in  common  air,  and  in 
a medium  exceedingly  rarify’d,  is  fcarce  fenfi'ole  in  veffels  no  bigger  than 
our  receiver  j efpecially,  fince  we  could  not  fuppofe  that  to  be  altogether 
free  from  air.  We  obferv’d,  alfo,  that  when  the  receiver  was  full  of  air, 
the  included  pendulum  continu’d  its  recurfions  about  fifteen  minutes,  be- 
fore it  left  off  fwinging  •,  and  that,  after  the  exfudlion  of  the  air,  the  vi- 
bration of  the  fame  pendulum  appear’d  not  to  laft  fenfibly  longer. 

28.  That 
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l/yC'  28,  Tliattheair  1S  medium  whereby  founds  are  convey’d  to  the 
A watch  and  a ear’  was  a current  opinion,  till  fome  pretended,  that  if  a bell,  with  a 
bell  in  the  ex-  flcel  clapper,  be  faflen’d  to  the  infide  of  a tube,  upon  making  the  experi- 
haufted  recei-  ment  de  vacuo,  with  it,  the  bell  remaining  fufpended  in  the  deferted  fpace 
at  the  upper  end  of  the  tube ; if  a vigorous  load-flone  be  apply’d  on 
the  outfide  of  the  glafs,  it  will  attrad  the  clapper;  which,  upon  the  re- 
moval of  the  load-flone,  falling  back,  will  ftrike  againfl  the  bell,  and 
thereby  produce  a vey  audible  found  : whence,  feveral  have  concluded, 
not  the  air,  but  fome  more  fubtile  body,  to  be  the  medium  of  founds.  But 
lufpending  a watch,  freed  from  its  cafe,  in  the  cavity  of  our  receiver,  by 
a packthread;  and  then,  clofing  up  the  veflel  with  melted  plaider  ; we 
Jiflen’d  near  the  fides  of  it,  and  plainly  heard  the  balance  beat,  and  ob- 
ferv’d,  that  the  noife  feem’d  to  comediredlly  in  a {freight  line,  from  the 
watch  to  the  ear.  We  found,  alfo,  a manifefl  difference  in  the  noife,  by 
holding  our  ears  near  the  fides  of  the  receiver,  and  near  the  cover  of  it ; 
which  feem’d  to  proceed  from  the  difference  between  the  glafs,  the  cover* 
and  the  cement,  thro’  which  the  found  was  propagated.  But,  upon  work- 
ing the  pump,  the  found  grew  gradually  fainter  ; fo  that,  when  the  re- 
ceiver was  emptied  as  much  as  ufual,  we  could  not,  by  applying  our 
ears  to  the  very  fides  of  it,  hear  any  noife  from  within  ; tho’  we  could  ea- 
fily  perceive,  that,  by  the  motion  of  the  hand  which  mark’d  the  feconds 
and  by  that  of  the  balance,  the  watch  neither  flood  flill,  nor  feem’d  ir- 
regular. And,  to  fatisfy  ourfelves  farther,  that  it  was  the  abfence  of  the 
air  about  the  watch,  that  hinder’d  us  from  hearing  it,  we  let  in  the  ex- 
ternal air  at  the  flop-cock  ; and  then,  tho’  we  turn’d  the  key,  and  flopp’d 
the  valve,  yet  we  could  plainly  hear  the  noife  made  by  the  balance;  tho’ 
we  held  our  ears,  fometimes,  at  the  diflance  of  two  feet  from  the  outfide 
of  the  receiver.  And  this  experiment,  being  repeated,  fucceeded  after 
the  like  manner  : which  feems  to  prove,  that  the  air  is,  at  leafl,  the  prin- 
cipal medium  of  founds.  And,  by  the  way,  it  is  very  well  worth  nocin<>- 
that,  in  a veflel  fo  exactly  clofcd  as  our  receiver,  fo  weak  a pulfation  as 
that  of  the  balance  of  a watch,  fhould  propagate  a motion  to  the  ear,  in  a 
flreight  line,  notwithflanding  the  interpofition  of  glafs,  fo  thick  as  that  of 
our  receiver.  We  afterwards  took  a bell  of  about  two  inches  in  di- 
ameter at  the  bottom,  which  was  fupported  in  the  midfl  of  the  cavity  of 
the  receiver  by  a bent  flick,  prefling  with  its  two  ends  againfl  the  oppo- 
fite  parts  of  the  infide  of  the  veflel  ; which,  being  clofed  up,  we  obferved 
the  bell  to  found  more  dead  than  in  the  open  air.  And  yet,  when  we 
had  emptied  the  receiver,  we  could  not  difcern  any  confiderable  chano-e  in 
the  loudnefs  of  the  found:  whereby  it  feem’d,  that  tho’  the  air  bcTthe 
principal  medium  of  found  ; yet  either  a more  fubtile  matter  may  be,  alfo 
a medium  of  it ; or  elfe  that  an  ambient  body,that  contains  but  few  particles 
or  air,  is  fufficient  for  that  purpofe.  Whence,  perhaps,  in  the  above-men- 
tion  d expenmenr,  made  with  the  bell  and  the  load-flone,  there  mio-ht  in 
the  deferted  part  of  the  tube,  remain  air  enough  to  produce  a found 
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But  as  in  making  the  experiment  of  firing  gun-powder  with  a piftol  in  Pneumatics 
our  evacuated  receiver,  the  noife  made  by  the  flint,  flriking  againft  the 
fteel,  was  exceeding  languid,  in  comparifon  of  what  it  would  have  been 
in  the  open  air:  fo,  on  feveral  other  occafions,  it  appear’d,  that  the 
founds  produced  there,  if  they  were  not  loft,  feem’d  to  arrive  at  the  ear 
very  much  weakned. 

29.  We  have  a liquor  which,  tho’  mod  of  its  ingredients  be  metals,  and  A fuming  li- 
all  of  them  ponderous,  is  yet  of  fuch  a nature,  that,  whilft  the  vial  where-  <luorin  the  re‘ 
in  it  is  kept,  remains  ftopp’d,  appears  tranfparent,  as  alfo  the  upper  cewer' 

part  of  the  glafs,  to  which  the  liquor  reacheth  not  •,  but  as  foon  as  ever  the 
ftopple  is  taken  out,  and  full  accefs  given  to  the  external  air;  both  the  un- 
derpart of  the  cork,  and  the  liquor  itfelf,  prefently  fend  upwards,  and 
diffufe  a fume,  as  thick  and  white,  as  if  a quantity  of  alabafter-duft  were 
thrown  up  into  the  air.  And  this  fmoking  of  the  liquor  lafts,  till  the  vial 
be  ftopp’d  again  ; and  then  the  afcentof  the  fumes  fuddenly  ceafes. 

To  a vial  of  this  fuming  liquor,  we  faften’d  a weight  of  lead  ; and, 
having  ty’d  to  the  ftopple  one  end  of  a ftring,  whilft  the  other  was  made 
faft  to  the  cover  of  the  receiver,  the  liquor  was  carefully  clofed  up  ; and 
the  air  being  diligently  pump’d  out,  we  unftopp’d  the  vial.  And  tho’  im- 
mediately upon  drawing  out  the  cork,  there  appear’d  fome  white  fumes, 
which  feem’d  to  proceed  from  the  air  being  imprifon’d  in  the  vial,  and  dif- 
fufing  itfelf  fuddenly  into  the  receiver  ; yet  we  afterwards  obferv’d,  that 
the  fumes  did  not  mount  and  difperfe  themfelves,  as  they  ufed  to  do  in 
the  open  air;  but,  afcending  to  the  lip  of  the  vial,  they  ftopp’d  there,  and 
ran  down  along  the  outfide,  and  thence  along  an  inclining  piece  of  lead, 
on  which  the  vial  refted,  like  a little  ftream,  that  quitted  not  the  vial,  till 
it  was  come  to  the  bottom  of  it,  and  there  forfook  it,  like  a ftream  of  wa- 
ter of  the  fame  bignefs.  Then  letting  in  fome  of  the  external  air,  the  ftream 
run  a-frefh,  tho’  not  altogether  fo  large:  and  after  the  receiver  was  fill’d 
with  air,  I found,  to  my  furprize,  that  tho’  the  ftream  difappear’d,  yet 
no  white  fumes  arofe,  either  from  the  cork  or  out  of  the  vial;  no,  not 
when  the  cover  was  removed  from  the  receiver:  tho’  after  a while  there 
afcended  white  fumes  from  the  receiver.  But  having  immediately  taken  out 
the  vial  into  the  open  air,  it  emitted  white  exhalations  as  before ; and 
having  prefently  after  unftopp’d  it  in  an  open  window,  we  found  both  it 
and  the  cork  immediately  yielded  a much  more  plentiful  fmoke ; tho’  it 
were  now  feveral  years  fince  this  parcel  of  liquor  v/as  prepared. 

30.  Into  one  of our  fmall  receivers,  we  convey’d  a piece  of  well-lighted  Smoke  in  va- 
match ; and  letting  it  remain  there  till  it  had  fill’d  the  receiver  with^o. 
fmoke,  we  took  it  out,  and  immediately  clofed  the  receiver  again,  that 

the  fmoke  might  not  get  away.  Then  ftaying  to  let  thefe  fumes  leifurely 
fubfide,  we  found,  that  after  fome  time,  they  fettled  themfelves  in  the 
lower  half  of  the  receiver,  in  a darkilh  body  ; leaving  the  upper  half  tranf- 
parent, and,  as  to  fight,  full  only  of  clear  air.  And  inclining  the  veflel 
that  contain’d  this  fmoke,  fometimes  to  one  fide  and  fometimes  to  the 
other ; we  obferv’d  the  fume  to  keep  its  furface  almoft  horizontal,  as  wa- 
ter. 
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ter’  0r  any  0ther  ]icIuor>  would  have  d°ne  in  the  like  cafe.  And  if,  by  a 
^ quicker  rocking  of  the  engine,  the  fmoke  were  more  fwiftly  fhalcen,  it 
would,  like  water,  either  vibrate  from  one  fide  to  the  other  of  the  gllfs, 
or  elfe  have  its  furface  manifeftly  curl’d,  like  waves,  and  preferve  itfelf 
in  an  entire  and  diftindt  body  from  the  incumbent  air;  and,  being  per-  • 
mitted  to  reft  a while,  would  foon  recover  its  former  fmooth  ancf  level 
fuperficies.  If,  alfo,  the  key  were  turn’d,  and  the  valve  unftopp’d,  fo 
tliat  there  was  a free  paflage  open’d  betwixt  the  external  air  and  the  ca- 
vity or  the  receiver*,  then  would  fome  of  this  fmoke  fall  down,  as  c were, 
in  a ft  ream,  into  the  fubjacent  cylinder*,  and  a proportionate  quantity  of 
the  outward  air,  would  manifeftly  afeend  thro’  it  into  the  incumbent 
air;  after  the  fame  manner,  as  when  a vial,  with  a long  neck,  fill’d  with 
red  wine,  being  inverted  into  a glafs  of  fair  water,  the  water  and  wine, 
by  degrees,  mix,  as  it  were,  in  little  curl’d  ftreams  with  each  other  ; the 
one  falling  down,  and  the  other  afeending  in  its  place.  And  if,  when  the 
fuperficies  of  our  fmoke  lay  fmooth  and  horizontal,  a hot  iron  were  held 
near  the  outfide  of  the  receiver;  the  adjacent  part  of  the  included  fumes, 
being  rarify’d  by  the  heat,  would  readily  afeend  in  a large  pillar  of  fmoke, 
to  the  very  top  of  the  receiver  ; yet,  without  feeming  to  lofe  its  diftindt 
furface,  or  to  be  confounded  with  the  air,  below  which,  upon  the  recefs 
of  the  adventitious  heat,  it  would  again  fubfide. 

Since  then  there  is  fo  vaft  an  inequality  in  the  denfity  and  weight  of 
liquors  ; we  may  confider  the  atmofphere  as  a peculiar  kind  of  thinliuid, 
much  lighter  than  fpirit  of  wine.  And  as  waves  appear’d  upon  the  fur- 
face of  our  agitated  fmoke;  fome  fuch  thing  may,  poflibly,  happen  on 
the  fuperficies  of  the  atmofphere:  as  may  be  conjedtur’d  from  thofe  ftrange 
inequalities  that  often  appear,  efpecially  when  the  air  abounds  with  ex- 
halations and  vapours,  upon  the  limb  of  the  fun  in  its  rifing  and  fettin". 
And  if  this  phenomenon  be  owing  to  the  refradtion,  which  the  fun’s  rays 
fufter  in  our  air ; * tis  eafy  to  fuppofe  the  furface  of  the  atmofphere  to  be 
often,  as  we  faid,  exceedingly  curl’d  or  wav’d.  And  certainly  it  is 
furprizing  to  fee  how,  thro’  a good  telefcope,  there  will  not  only  appear 
inequalities  in  the  edge  of  the  fun,  which  often  feems  to  be  indented,  but 
thofe  inequalities  vanifh  in  one  place,  and  prefently  appear  in  another,  and 
feem  perfedtly  to  move,  like  waves  fucceeding  and  deftroying  one  ano- 
ther: only  their  motion  frequently  feems  to  be  quickeft  ; as  if,  in  that 
vaft  fea,  they  were  carry’d  on  by  a current  or  a tide.  And  this  alfo  ap- 
pears to  the  eye,  when  a large,  and  well  defined  image  of  the  fun,  is,  by 
the  telefcope,  caft  upon  white  paper. 

rn  eobefion  of  31.  It  hath  been  thought  ftrange,  that  the  perfedtly  polifh’d  furfaces  of 

polijb;d  mar-  two  flat  pieces  of  marble  being  apply ’d  to  each  other,  they  fhould  flick  fo 
faft  together,  that  the  lower  may  be  raifed  by  taking  hold  of  the  upper. 
But,  as  this  feems  owing  to  the  unequal  preflure  of  the  air  upon  the  un- 
dermoft  ftone,  the  lower  fuperficies  of  that  being  freely  expofed  thereto, 
and  prefs  d upon  by  it,  whilft  the  upper  furface  is  defended  therefrom  ; 
which,  confequently,  prefling  the  lower  ftone  againft  the  upper,  hinders 

it 
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it  from  falling;  we  therefore  conjectur’d,  that  two  marbles,  being  exactly  Pneumatics 
ground  to  one  another,  and  together  fufpended  in  our  evacuated  receiver, 
the  lower  (tone  would  fall  from  the  upper  : but  we  could  not  procure  mar- 
bles to  be  ground  fo  true,  as  to  fuftain  one  another  in  the  air  for  above  a 
minute  or  two,  which  is  a much  (horter  time,  than  is  requir’d  to  empty  our 
receiver.  We  did,  indeed,  try  to  make  our  marbles  (tickclofe  together, 
by  moiftning  their  furfaces  with  rectified  fpirit  of  wine;  but  to  little  pur- 
pofe  ; for  having  convey’d  into  the  receiver  two  black  fquare  marbles,  the 
one  with  its  fide  two  inches  and  a third,  and  fomewhat  more  than  half  an 
inch  in  thicknefs,  the  other  of  equal  furface,  but  not  above  half  fo  thick, 
faftned  together  by  means  of  that  fpirit;  and  having  fufpended  the  thicker 
by  a firing  from  the  cover,  we  found  not,  that  the  exfuCtion  of  the  air 
would  feparate  them,  tho’  a weight  of  four  ounces  were  fatten’d  to  the 
lower,  to  facilitate  its  falling. 

I would  gladly  have  the  experiment  try’d  with  marbles,  fo  well  pol idl’d, 
as  to  need  no  liquor  to  make  them  cohere,  and  in  a vefiel,  out  of  which, 
the  air  may  be  more  perfectly  drawn,  than  it  was  out  of  ours.  But,  tho* 
we  will  not  determine,  whether  the  fpirit  of  wine  contributed  to  the  ftrong 
cohefion  of  thefe  (tones,  otherwife  than  by  keeping  the  fubtileft  parts  of 
the  air  from  getting  in  between  them ; yet  it  feem’d,  that  the  reafon, 
why  the  lower  marble  fell  not,  was,  probably,  becaufe  the  prefifure  of 
the  air  remaining  in  the  receiver  ; which,  as  we  formerly  noted,  being 
able  to  fudain  a cylinder  of  water,  of  above  a foot  in  height,  may  be  fup- 
pofed  capable  of  keeping  fo  broad  a marble  from  defeending.  And,  tho* 
this  may  feem  a ftrange  proof  of  the  ftrength  of  the  fpring  of  the  air,  e- 
ven  when  rarify’d ; yet  it  will  fcarce  appear  incredible  to  him, who  hath  ob- 
ferv’d,  how  exceeding  ftrong  a cohefion  may  be  made,  betwixt  broad  bo- 
dies, only  by  immediate  contact.  A notable  inftance  of  this,  is  given 
us  by  the  learned  Zucchius , who  tells  us,  that  cc  a young  fellow,  bragging 
4C  of  his  ftrength,  fome  body  fet  him  to  pull  at  the  ring  in  the  middle  of  a 
44  brafs-plate,  that  lay  upon  a polifh’d  marble,  whereto,  it  was  exaCtly 
4t  ground : this  he  thought  a trivial  matter ; but  after  his  utmoft  endeayour, 

44  found  it  impoftible  to  feparate  them  by  direCt  pulling ; which  made  him 
44  imagine  they  were  faftned  together,  by  means  of  fome  vehement  ftrong 
44  glew,  till  he  faw  the  plate,  afterwards  lifted  by  another,  who,  firft  dipt  it 
46  along  the  marble.” 

33.  Our  receiver  being  exquifitely  clos’d,  and  the  air  in  a good  meafure^  eretl  pref- 
drawn  out,  we  remov’d  it  from  the  pump,  and  to  the  lower  branch  of  th tfure  exercifed 
ftop-cock,  fpeedily  apply ’d  a tapering  valve  of  brafs,  made  fit  to  go  with^^f*  atpnof- 
its  narrower  end  into  the  cavity  of  the  branch,  and  to  fill  the  orifice  of  that  ^ 
cavity  with  its  broader  part.  And,  that  the  air  might  not  get  in  at  the  lit- 
tle intervals,  between  the  convex  furface  of  the  (topple,  and  the  internal 
edge  of  the  branch,  they  were  (lopp’d  with  diachylon.  And,  to  the  door 
of  the  valve,  there  was,  at  a button  of  brafs,  fatten’d  a broad  fcale,  wherein 
weights  were  to  be  put.  This  done,  the  key  of  the  ftop-cock  was  turn’d, 
and  the  external  air  beating  like  a forcible  dream  upon  the  valve  to  get  in 
Vo  l.  II.  Lll  there. 
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it  fuddenly  fhut  the  valve,  and  kept  it  fo  clofe,  that  we  had  time 
t0  cafj-  jn  fevera]  weights,  one  after  another,  inro  the  fcale,  till  at  length,  the 
weight  overpowering  the  preffure  of  the  atmofphere,  drew  down  the 
valve  by  the  firings  that  ty’d  the  fcale  to  it,  and  gave  liberty  to  the  outward 
air  to  rufh  into  the  receiver.  Tho’,  another  time,  when  the  valve  had  but 
little  weight  hanging  to  it,  being,  by  accident,  drawn  down  beneath  itsfor- 
rner  place,  it  was,  by  the  impetuous  current  of  the  external  air,  fuddenly 
impeird  up  into  it  again,  and  kept  there.  But,  in  the  former  experiment, 
tho*  the  receiver  were  not  well  exhaufted  •,  tho’  it  leak’d  whilft  the  reft  of 
the  experiment  was  in  hand  ; and  tho’  the  valve,  whereon  the  cylinder  of 
the  atmofphere  could  prefs,  were  not  above  an  inch  and  a half  in  diameter ; 
yet  the  whole  weight,  fupported  by  the  air,  amounted  to  about  ten  pounds, 
of  fixteen  ounces  each : fo  that,  had  the  experiment  been  made  with  favou- 
rable circumftances,  the  air  endeavouring  to  prefs  in,  at  the  orifice  of  the 
flop  cock,  would  very  probably  have  kept  a much  greater  weight  from 
falling  out  of  it. 

*The  preffure  of  33.  But  our  pump,  alone,  may  afford  us  a nobler  inftance  of  the  force  of 

the  atmofphere  ajr  . fQ  that, by  means  of  this  part  of  our  engine,  we  may  conjecture  at 
the  ftrength  of  the  atmofphere,  computed  as  a weight.  For,  firft,  the  fucker, 
brought  to  move  eafily  up  and  down  the  cylinder,,  being  impell’d  to  the 
top  of  it,  and  the  receiver  taken  off  from  the  pump,  that  the  upper  ori- 
fice of  the  cylinder  remaining  open,  the  air  may  freely  fucceed  the  fucker, 
and  therefore  readily  yield  to  its  motion  downwards  *,  and  there  being 
faften’d  to  one  of  the  iron  teeth  of  the  fucker,  fuch  a weight,  as  may  juft 
i'uffice  to  draw  it  to  the  bottom  of  the  cylinder  ; we  may  hence  find  the 
weight  neceffary  to  draw  down  the  fucker  : and  when  the  atmofphere  makes 
the  ordinary  refiftance  againft  its  defeent,  the  fucker  being  again  forc’d  to 
the  top  of  the  cylinder,  whofe  upper  orifice  muft  now  be  exactly  clos’d  ; 
we  may  eafily,  by  hanging  a fcale  to  the  above-mention’d  iron,  that 
makes  part  of  the  fucker,  caft  in  known  weights,  till  the  fucker  be  drawn 
down-,  then,  to  thefe  weights  in  the  fcale,  that  of  the  fcale  itfelf  being 
added,  the  fum  will  give  us  the  weight  of  a column  of  air,  equal  in  dia- 
meter to  the  fucker,  or  to  the  cavity  of  the  cylinder,  and,  in  length,  to 
the  height  of  the  atmofphere. 

According  to  this  method,  we  attempted  to  meafure  the  preffure  of  the 
atmofphere,  but  found  it  more  difficult  than  we  expected,  to  perform  it 
accurately  ; for  tho’,  by  the  help  of  the  handle,  the  fucker  mov’d  up  and 
down  with  great  facility;  yet,  when  it  came  to  be  mov’d  by  a dead 
weight,  we  found,  that  the  little  inequalities,  and,  perhaps,  the  unequal 
preffure  of  the  leather  againft  the  cavity  of  the  cylinder,  now  and  then 
Hopp’d  the  defeent  or  afeentof  the  fucker  -,  tho’  a very  little  external  help 
would  eafily  furmount  that  impediment.  We  found  then,  that  a weight  of 
twenty-eight  pounds,  being  faften’d  to  one  of  the  teeth  of  the  fucker, 
drew  it  down  clofe,  when  the  upper  orifice  of  the  cylinder  was  left  open ; but, 
by  the  help  of  oil  and  water,  and  the  frequent  working  of  the  fucker 
with  the  handle,  its  motion  in  the  cylinder  had  been  before  purpofely  fa- 
cilitated. 
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cilitated.  Then  the  upper  orifice  of  the  cylinder  was  very  carefully  flopp'd;  Pneumatic 
the  valve  heing  likewife  ftiut,  with  its  ftopple  well  oiled,  after  the  fucker 
had  been  again  imped’d  up  to  the  top  of  the  cylinder.  To  the  former 
weight  we  now  added  a hundred  and  twelve  pounds,  which  forcing  down 
the  fucker,  though  but  leifurely,  we  took  off  the  28  pound  weight,  and 
hung  on,  inflead  of  it,  fourteen  pound  *,  but  found  that,  with  the  reft,  un- 
able to  carry  down  the  fucker.  And  to  fatisfy  ourfelves  it  was  the  refi- 
flance  of  the  ambient  air,  that  hinder’d  the  defcent  of  fo  great  a weight ; af- 
ter we  had  try’d,  that  upon  unftopping  the  valve,  and  thereby  opening  an 
accefs  to  the  external  air,  the  fucker  would  be  immediately  drawn  down, 
having  forcibly  deprefs’d  the  fucker,  to  the  bottom  of  the  cylinder,  and 
then  faflen’d  weights  to  the  iron,  the  prefiure  of  the  external  air,  finding 
little  refiftance,  in  the  cavity  of  the  cylinder,  prefently  began  to  impel  the 
fucker,  with  the  weights  that  clogg’d  it,  towards  the  upper  part  of 
the  cylinder,  till  fome  fuch  accidental  impediment,  as  we  formerly  men- 
tion’d, check’d  its  courfe*,  and  when  that  was  remov’d,  it  would  continue 
its  afcent  to  the  top.  And  tho’,  poffibly,  there  might  remain  fome  parti- 
cles of  air  in  the  cylinder,  after  the  fucker  was  drawn  down  *,  yet  the 
prefiure  of  a cylinder  of  the  atmofphere,  fomewhat  Jefs  than  three  in- 
ch es  in  diameter,  uncomprefs’d,  not  only  fuftain’d,  but  drove  up  a weight 
of  a hundred  and  odd  pounds:  for,  befides  the  weight  of  the  whole  fuc- 
ker itfelf,  which  amounts  to  fome  pounds,  the  weights  annex’d  to  it,  made 
up  a hundred  and  five  pounds  •,  yet  all  this  falls  fhort  of  the  weight  juft 
faid  to  be  fufpended,  by  the  refiftance  of  the  air,  in  the  cavity  of  the  cylin- 
der. This  experiment  was  made  in  the  winter,  the  weather  neither  frofty 
nor  rainy,  about  the  change  of  the  moon  ; and  at  a place  whofe  latitude 
is  about  51  degrees  and  a half:  for,  perhaps,  the  force  or  prefiure  of  the 
air  may  vary  according  to  the  feafons  of  the  year,  the  temperature  of  the 
weather,  the  elevation  of  the  pole,  or  the  phafes  of  the  moon  *,  any  of 
them  feeming  able  to  alter  either  the  height,  or  confidence  of  the  atmo- 
fphere. And  therefore,  it  would  not  be  amifs,  if  this  experiment  were 
try’d  carefully,  at  feveral  times  and  places,  with  variety  of  circumftances. 

It  might  alfo  be  try’d  with  cylinders  of  feveral  diameters,  exquifitely 
fitted  with  fuckers;  that  we  might  know  what  proportion  feveral  pillars 
of  the  atmofphere,  bear  to  the  weight  they  are  able  to  fuftain,  or  lift  up  *, 
and  confequently,  whether  the  increafe,  or  decreafe  of  the  refiftance  of 
the  ambient  air,  can  be  reduced  to  any  regular  proportion,  to  the  diame- 
ter of  the  fuckers.  Thefe,  and  other  experiments,  which  may  be  made 
with  this  cylinder,  might,  moft  of  them,  be  more  exadlly  try’d  by  the  Tor- 
ricellian tube ; if  glafs  could  be  blown,  and  drawn  perfectly  cylindrical. 

Here  we  may  obferve,  that  as  many  other  phenomena  of  our  engin The  nature  of 
fo  efpecially  the  two  laft  experiments,  feem  to  (hew  the  nature  or  cau {tfuftion. 
of  fudtion.  It’s  true,  indeed,  in  fucking,  we  commonly  ufe  fome  mani- 
feft  endeavour,  by  a peculiar  motion  of  our  mouths,  chefts,  yet  it 
appears  not  how  the  upper-part  of  the  emptied  cylinder,  that  remains  at 
reft  all  the  while,  or  any  part  of  it,  endeavours  to  draw  the  deprefs’d 

L 1 1 2 fucker. 
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pneumatics  fucker,  and  the  annex’d  weights  to  it;  tho*  fuch  as  behold  the  afcent 
of  the  fucker,  without  c'onfidering  thecaufe  of  it,  readily  conclude  it  to  be 
rais’d  by  fomefecret  thing,  that  powerfully  fucks  or  attra&s  it.  Whence 
it  feems  not  abfolutely  necefftry  to  fudlion,  that  there  be  in  the  body, 
which  is  faid  to  fuck,  an  endeavour,  or  motion  in  order  thereto  ; but  ra- 
ther that  fudtion  may  be  reduced  to  trufion,  and  its  efr'e&s  aferibed  to  a 
prefiure  of  che  neighbouring  air,  upon  the  bodies  contiguous  to  that  which 
is  faid  to  attraft  them.  To  objedt  here,  that  fome  particles  of  air,  re- 
maining in  the  emptied  cylinder,  attracted  this  weight,  to  obviate  a va- 
cuum, is  to  nopurpofe  ; unlefs  it  can  clearly  be  made  out,  by  what  grap- 
pling inftruments  the  external  air  could  take  hold  of  the  fucker;  how  fo 
little  of  it  obtain’d  the  force  to  raife  fo  great  a weight;  and  why,  upon 
letting  a little  more  air  into  one  of  our  evacuated  vefiels,  the  attraction 
is  much  weakned.  For  that  dill  there  remain’d  in  the  exhaufted  cylinder 
many  little  empty  fpaces,  may  appear  by  the  great  violence  wherewith 
the  air  rufheth  in,  if  it  be  permitted  to  enter.  In  the  next  place,  thefe 
experiments  may  teach  us,  what  to  judge  of  the  vulgar  axiom.  That  na- 
ture utterly  abhors  a vaccuum  ; fo  that  no  human  power  is  able  to  make  one 
And  vacuity,  in  the  univerfe.  For,  if  by  a vacuum  we  underdand  a place  perfe&ly  free 
from  all  corporeal  fubdance,  it  may  be  plaufibly  maintain’d,  that  there  is 
no  fuch  thing  in  the  world.  But  the  generality  of  the  plenids  take  not  the 
word  in  fo  drift  a fenfe.  For  when  they  alledge,  that  by  fucking  water 
thro’ a long  pipe,  the  liquor,  contrary  to  its  nature,  afeends  into  the  mouth, 
only  to  fill  up  that  fpace,  made  by  the  dilatation  of  the  bread  and  lungs, 
which  would  otherwife,  in  part,  be  empty  ; and  when  they  tell  us,  that 
the  reafon  why  in  a gardener’s  watering-pot,  conically  fhaped,  and  filled 
with  water,  none  falls  thro’  the  numerous  holes  at  the  bottom,  whillt  the 
orifice  at  the  top  is  clos’d  ; mud  be,  that  if  in  cafe  the  water  fhould  de- 
feend,  the  air  being  unable  to  fucceed  it,  there  would  be  left  a vacuum  at 
the  upper  part  of  the  veffel,  they  feem  to  mean  by  a vacuum,  any  fpace 
here  below  that  is  not  fill’d  with  a vifible  body,  or,  at  lead,  with  air, 
tho’  it  be  not  quite  deditute  of  all  bodies  whatfoever. 

Taking  then,  a vacuum  in  this  vulgar  and  obvious  fenfe,  the  common 
opinion  about  it  feems  liable  to  feveral  exceptions,  whereof  fome  of  the 
chief  are  fuggeded  by  our  engine. 

It  feems  unintelligible,  how  hatred  or  averfion,  which  is  a paffion  of 
the  foul,  can  either  for  a vacuum,  or  any  other  objeft,  be  fuppofed  in 
water,  or  any  inanimate  body,  which  cannot  be  prefum’d  to  know  when 
a vacuum  would  enfue,  if  they  did  not  attempt  to  prevent  it ; nor  to 
ad  contrary  to  what  is  mod  conducive  to  their  own  particular  preferva- 
tion,  for  the  good  of  the  univerfe.  The  meaning,  therefore,  of  this  meta- 
phorical expredion  feems  to  be,  that  by  the  wife  author  of  nature,  the 
univerfe,  and  the  parts  of  it,  are  fo  contriv’d,  that  it  is  as  hard  to  make 
a vacuum  in  it,  as  it  they  dudioudy  confpired  to  prevent  it. 

But  our  experiments  teach,  that  this  fuppofed  averfion  of  nature  to  a 
vacuum,  is  merely  accidental,  or  confeauent  upon  the  weight,  fluidity,  or 
2 fluxi- 
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fluxility  of the  bodies  here  below  ; and,  perhaps,  principally  of  the  fpringPNEUMATIc« 
of  the  air,  whofe  conftant  endeavour  to  expand  every  way,  makes  it 
either  rufh,  or  compel  the  interpofed  bodies,  into  all  fpaces  where  it  finds 
no  greater  refiftance  than  it  can  furmount ; and  fhew,  that  the  power,  ex- 
cifed  by  nature,  to  avoid,  or  replenifh  a vacuum,  is  limited,  and  may  be 
determined  even  to  pounds  and  ounces.* ** 

And  the  experiment  we  are  now  upon  affords  us  a notable  proof  of  the 
unheeded  ftrength  of  the  preffure  fuftained  by  the  free  air,  which  we  pre- 
fume to  be  uncomprefs’d ; for  hence  we  fee,  that  even  in  our  climate,  and 
without  any  other  compreffion  than  what  is  natural,  or  ordinary,  it  bears 
fo  flrongly  upon  contiguous  bodies,  that  a cylinder  of  it,  not  exceed- 
ing three  inches  in  diameter,  is  able  to  raife,  and  carry  up  a weight,  a- 
mounting  to  between  fixteen  and  feventeen  hundred  ounces.  In  more  nor- 
thern countries,  the  air  may  be  much  thicker,  and  able  to  fupport  a 
greater  weight  •,  fince  the  Hollanders , who  were  forced  to  winter  in  Nova 
Zembla , found  the  air  there  fo  condenfed,  that  they  could  not  make  their 
clock  go,  by  a very  great  addition  to  the  weights  that  ufed  to  move  it. 

34.  We  took  a dry  bladder,  flrongly  ty’d  at  the  neck,  and  about  half 
filled  with  air,  and  faflening  it  to  one  part  of  a very  exadl  balance,  we  put 
a metalline  counterpoife  into  the  oppolite  fcale;  and  fo  the  two  weights 
being  brought  to  an  equilibrium,  the  balance  was  conveyed  into  the  recei-  B°dies  °f  fiffi 
ver,  and  fufpended  from  the  cover  of  it:  when  we  obferv’d  that  prefently  gravities 
after  faying  on  the  cover,  the  bladder  appear’d  to  preponderate  ; where-  their  equili- 
upon  the  feales  being  taken  out,  and  reduced  very  near  to  an  equilibrium,^*^  in  var 
yet  fo,  that  a little  advantage  remain’d  on  that  fide  to  which  the  metalline  cuo* 
weight  belong’d  ; they  were  again  let  down  into  the  receiver,  which  was 
prefently  clofed.  Soon  after  this,  before  the  pump  was  work’d,  the 
bladder  feem’d  again  a little  to  preponderate  ; and  the  air  in  the  glafs  be- 
ginning to  be  drawn  out,  the  bladder  expanded  itfelf,  and  greatly  raifed 
the  oppofite  weight,  by  drawing  down  the  fcale  to  which  it  was  faftened, 
efpecially  when  the  air  had  fweli’d  it  to  its  full  extent.  This  done,  we, 
very  leifurely  let  in  the  external  air,  and  obferv’d  that,  upon  the  flagging, 
of  the  bladder,  the  fcale  whereto  it  was  faften’d,  not  only,  by  degrees, 
returned  to  an  equilibrium  with  the  other  ; but,  atlength,  wasa  littleout- 
weigh’d  by  it  ; tho’  the  bladder,  after  a while,  began  again  to  preponde- 
rate, and,  by  degrees,  to  fink  lower  for  feveral  hours : wherefore,  leaving 
the  veflel  clofed  up  all  night,  we,  next  morning,  found  the  bladder  fallea 


* “ All  the  parts  of  fpace,”  fays  Sir  Ifaae 
Newton , “ are  not  equally  full ; for  if  they 
“ were,  the  fpecifick  gravity  of  the  fluid, 

**  which  would  fill  the  region  of  the  air, 
“ could  not,  by  reafon  of  the  exceeding 
“ great  denfity  of  its  matter,  give  way  to 
“ the  fpecific  gravity  of  quick-filver,  gold, 
“ or  any  body  how  denfe  foever  j whence 
“ neither  gold,  nor  any  other  body,  could 
(t  defeend  in  the  air.  For  no  bodies  can 
if  defeend  in  a fluid,  unlefs  they  be 


“ Specifically  heavier  than  it.  But,  if  a 
“ quantity  of  matter  may,  by  rarifadli- 
“ on,  be  dimini/hed  in  a given  fpace,  why 
“ may  it  not  diminifh  in  infinitum  ? If 
“ all  the  folid  particles  of  bodies,  are 
“ of  the  fame  denfity,  that  is,  have  their 
“ vires  inertia  as  their  magnitudes,  and 
“ cannot  be  rarified,  without  leaving  pores, 
“ there  mull  be  a vacuum,”  Newton.  Prin.. 
p.  368. 


yet 
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Plxv£J yet  lower:  as  if  the  very  fubftance  of  it,  had  imbibed  fome  of  the  moifture 
^ wherewith  the  air  then  abounded ; as  the  firings  of  mufical  inftruments 
are  known  to  fwell  fo  much  in  rainy  weather,  as  to  break.  This  conie- 
flure  is  the  more  to  be  regarded,  becaufe  having  a little  warm’d  the  blad- 
der, we  found  it  lighter  than  the  oppofite  weight.  And,  without  remo- 
ving the  fcales,  or  the  cover  of  the  receiver,  we  again  caus’d  the  air  to  be 
drawn  out ; the  weather  continuing  very  moift  ; but  found  not  any  mani- 
felt  alterations  in  the  balance. 

But  to  make  the  experiment  with  a body,  lefs  apt  to  be  alter’d  by  the 
temperature  of  the  air,  than  a bladder,  we  brought  the  fcales  again  to  an 
equilibrium  with  two  weights,  the  one  lead,  and  the  other  cork.  And 
having  exhaufted  the  receiver,  obferv’d,  that  both  upon  the  exfudlion’ 
and  after  the  return  of  the  air,  the  cork  manifeftly  preponderated : and 
much  more,  a while  after  the  air  had  been  let  in  again,  than  whilft  it  was 
kept  out.  Wherefore,  for  the  cork,  we  fubftituted  a piece  of  charcoal,  as 
lefs  likely  to  imbibe  any  moifture  from  the  air ; but  the  event  proved  much 
the  fame  •,  fo  that  this  experiment  feems  very  liable  to  cafualties. 

The  orient  of  3-5'-  The  true  caule  of  the  afcent  of  liquors,  in  fiphons  and  filtres,  re- 
liquors in Ji-  n?alnll?S  unknown;  we  were  defirous  to  try  whether  the  preflure  of  the 
phom,  andfil-  air  might  reafonably  be  fuppofed  to  have  any  confiderable  fliare  in  it. 
■ires,  whence.  But,  becaufe  we  could  not  fo  far  evacuate  our  receiver,  but  the  remain- 
ing air  would  impel  the  water  to  a greater  height  than  is  ufual  in  fiftra- 
tions;  infteadofalift  of  cotton,  or  the  like  filtre,  we  made  ufe  of  a fi- 
phon of  glafs,  confiding  of  three  pieces,  two  ftrait,  and  the  third  crooked 
38.  to  join  them  together;  whofe  junctures  were  carefully  clofed,  that  no  air 
might  find  entrance  at  them : one  of  the  legs  of  this  fiphon  was  fome- 
what  longer  than  the  other,  and  pervious  at  the  bottom  of  it,  only  by  a 
hole  aim  oft  as  flender  as  a hair,  that  the  water  might  drop  very  gently 
out  of  it.  The  fiiorter  leg  of  the  fiphon  was  quite  open  at  the  end,  and 
of  the  fame  diameter  with  the  reft  of  the  pipe  ; that  is,  about  a fourth  of 
an  inch.  The  whole  fiphon  was  defign’d  to  be  about  a foot  and  a half 
long,  that  the  remaining  air,  when  the  veflel  was  exhaufted,  might  not 
impel  the  water  to  the  top  of  it:  then  the  fiphon,  being  inverted,  was 
fill’d  with  water,  and  the  Ihorter  leg  let  down,  two  or  three  inches, 
into  a glafs-veflel;  whilft  the  upper  part  remain’d  faften’d  to  the  infide  of 
the  cover  of  the  receiver. 

And,  till  a confiderable  quantity  of  the  air  had  been  evacuated,  the  water 
dropp’d  freely  out  at  the  lower  end  of  the  lower  leg  of  the  fiphon  ; as  if 
the  experiment  had  been  made  in  the  free  air:  but,  afterwards,  the 
bubbles  began  to  appear  in  the  water  ; and,  afcending  to  the  top  of  the 
fiphon,  run  into  one,  which  was  gradually  augmented  by  the  rifing  of  other 
bubbles,  that,  from  time  to  time,  broke  into  it,  but  much  more  by  its 
own  dilatation,  which  increafed,  proportionably,  as  the  receiver  was  eva- 
cuated, fo  that,  at  length,  the  water,  in  the  lhorter  leg,  was  reduced,  by 
the  extraction  of  the  ambient  air,  and  the  expanfion  of  the  great  bubble 
at  the  upper  part  of  the  fiphon,  to  the  height  only  of  a foot ; whence,  the 

courfe 
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courfe  of  the  water,  in  the  fjphon,  was  interrupted,  and  that  which  re-  pneumatics 

main’d  in  the  longer  leg  of  it,  continued  fufpended  there,  without  drop- 

ping  any  longer.  But,  upon  turning  the  flop-cock,  the  external  air  got 

into  the  fiphon,  by  the  little  hole  at  which  the  water  formerly  dropp’d 

out:  and,  traverfing  all  the  incumbent  cylinder  of  water,  in  the  form  of 

bubbles,  joined  itfelf  with  that  air  which  before  poflefled  the  top  of  the 

fiphon. 

To  prevent  the  inconveniences  arifing  from  thefe  bubbles,  two  glafs 
pipes,  like  the  former,  were  io  placed,  as  to  terminate  together  in  the  midft  39 
of  the  belly  of  a glafs-vial,  into  whofe  neck  they  were  cemented  ; and 
then  both  the  vial,  and  the  pipes,  being  filled  with  water,  the  fiphon  was 
placed  with  its  fhorter  leg  in  the  glafs  of  water,  as  before  ; and  the  expe- 
riment being  profecuted  after  the  fame  manner,  much  more  air  was  now 
drawn  out  before  the  bubbles  caufed  any  difturbance;  becaufe  there  was 
room  enough  in  the  vial  for  them  to  flretch,  without  deprefling  the  water 
below  the  ends  of  the  pipes ; and  during  this  time,  the  water  continued  to 
drop  out  of  the  lower  leg  of  the  fiphon.  But,  at  length,  the.receiver  being 
very  much  emptied,  the  water  ceafed  to  run  thro’  the  fiphon  ; the  upper 
ends  of  the  pipes  beginning  to  appear  above  the  remaining  water  in  the 
vial,  the  dilated  air  wherein,  feem’d  likewife  to  prefs  down  the  water  in 
the  pipes,  and  fill  the  upper  part  of  them. 

Hence,  the  experiment  being  interrupted,  we  let  in  the  air  again, 
which,  according  to  its  various  proportions  of  preflure,  to  that  of  the  air 
in  the  vial,  and  the  pipes,  exhibited  a pleafing  variety  of  phenomema.  And 
upon,  the  whole,  there  feem’d  little  caufe  to  doubt,  if  the  bubbles  had  not 
difturbed  the  experiment,  that  the  courfe  of  water,  thro’  fiphons,  would 
have  appear  ’d  to  depend  upon  the  preflure  of  the  air. 

An  eminent  mathematician  lately  told  me,  fome  French  gentlemen  had  Their  af cent  m 
obfsrv’d,  that,  if  one  end  of  a flender  open  pipe,  of  glafs,  be  dipp’d  in  wa-  capillary  tubes. 
ter,,  the  liquor  will  afcend  to  fome  height  in  the  pipe,  tho’  held  perpendi- 
cular to  the  plain  of  the  water ; and,  foon  after,  brought  me  two  or  three 
fmall  pipes  of  glafs,  which  gave  me  the  opportunity  of  trying  it:  tho*  I 
had  often  before,  in  the  long  and  flender  tubes  of  fome  weather-glaffes, 
made  after  a peculiar  manner,  taken  notice  of  the  like  afcent  of  li- 
quors; but,  prefuming  it  to  be  cafual,  I made  little  reflexion  upon  it. 

But,  after  this  trial,  fuppofing  that  tho’  the  water,  in  thefe  pipes,  rofe  not 
above  a quarter  of  an  inch  ; yet  if  the  tubes  were  flender  enough,  it  might 
afcend  to  a much  greater  height ; I caufed  feveral  of  them  to  be  dextroufly 
drawn  at  the  flame  of  a lamp,  in  one  of  which,  that  was  almofl  incredibly 
flender,  we  found,  the  water  afcended  five  inches,  tho’  the  pipe  were 
held  eredt : but,  if  it  were  inclined,  the  water  would  fill  a greater  part 
thereof.  We  alfo  found,  that,  when  the  infide  of  the  pipe  was  wetted 
before-hand,  the  water  would  rife  much  better  than  otherwife.  And  fome 
of  thefe  flender  pipes,  being  bent,  like  fiphons,  we  immerfed  the  fhorter 
leg  of  one  in  a glafs  of  fair  water;  and  found,  that  the  water,  rifing  to 
the  top  of  the  fiphon,  of  itfelf,  ran  down  the  longer  leg,  and  continued 

run- 
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C/VxT  nmning'  ilkefn  ord,nary  fiphon.  The  caufe  of  this  afcent  of  the  water 
appears  very  difficult  to  difcover.*  Wetry’d,  indeed,  by  convevine  a 
very  flenderpipe,  and  a fmall  vcflel  of  water,  into  our  engine,  whether 

i e^i  j°n- ' - am^^ent  a*r  W0U^  afiift  us  herein  ; but,  tho*  we  em- 
piOy  d red  wine,  inftead  of  water,  yet  we  could  fcarce  certainly  perceive 
thorough  fo  much  glafs  as  was  interpofed  betwixt  our  eyes  and  the  li- 
quor, what  happen’d  in  a pipe  fo  (lender,  that  the  rednefs  of  the  wine 
was  fcarce  vifible  in  it.  But,  as  far  as  we  could  difeern,  there  happen’d 
no  great  alteration  to  the  liquor ; which  feem’d  the  lefs  Arrange,  becaufe 
L ie  ipnng  of  that  air,  which  might  deprefs  the  water  in  the  pipe,  was 
equally  debilitated  with  that  which  remain’d  to  prefs  upon  the  furface  of 
the  water  in  the  little  glafs.  Wherefore,  in  favour  of  that  conjecture,  which 
a fences  this  phenomenon  to  the  greater  prefiure  upon  the  water  by  the  air 
without  the  pipe,  than  by  that  within,  it  was  fbewn,  that,  in  cafe  the 

ittle  glafs- veffel  of  water  were  foclofed,  that  the  air  might,  by  the  mouth, 
be  fuck’d  out  of  it,  the  water  would  immediately  fubfide  in  the  fmall 
pipe.  Hence,  we  might  infer,  that  it  afeended  before,  by  the  prefiure 
of  the  incumbent  air;  only  it  may  be  objected,  that  this,  perhaps, 
would  not  happen,  were  the  upper  end  of  the  pipe  in  vacuum  ; as  alfo’ 
that,  ’tis  very  probable,  the  water  may  fubfide,  not  caufe  the  prefiure 
of  the  internal  air  is  taken  off  by  futffion,  but  b . the  fpring  of  the 
external  air  impels  the  water  in  its  way  to  the  vi'  deferted^by  the 
other  air;  and  would  as  well  impel  the  fi  . . r upwards,  as  make  it 

fubfide,  were  it  not  for  the  accidental  poft  o ’ the  glaffcs.  ’Twere  here, 
like  wife,  proper  to  enquire,  why  the  furface  of  water,  in  pipes,  fhould 
be  concave ; and,  on  the  contrary,  that  of  quick  filver,  convex  ; and  why 
if  the  end  of  a (lender  pipe  bedipp’d  in  the  latter,  the  furface  of  that  fluid 
will  be  lower  within  the  pipe,  than  without. 

webbed*^  i a glafs- bubble  to  be  blown  at  the  flame  of  a lamp,  about 

the  fize  of  a fmall  hen-egg,  and  of  an  oval  form  ; only,  at  one  end,  there 


*This  Phenomenon,  the  fufpenfion  of 
water  in  capillary  tubes,  is,  with  great  fa- 
gacity,  accounted  for  by  Dr.  Jurin  ; who 
proves  it  owing  to  the  attraction  of  the 
upper  periphery,  or  feCtion,  of  the  con- 
cave fuperficies  of  the  tube;  that  is,  a 
fmall  furface,  or  annulus,  whofe  bafe  is 
that  periphery,  and  heighth  the  diftance, 
whereto  the  attractive  power  of  the  glafs 
extends.  For  the  gravity  of  the  water 
that  enters  the  orifice  of  the  tube,  upon 
its  immerfion,  being  immediately  taken 
off,  by  the  attraction  of  the  annulus, 
wherewith  its  upper  furface  is  in  contaCt, 
the  water  mult  neceflarily  rife  higher,  by 
reafon  of  the  prefiure  of  the  ftagnant  flu- 
id, and  the  attraction  of  the  periphery  im- 
mediately above  that  whereto  the  up- 


per furface  of  the  water  is  already  conti- 
guous. The  confi deration  of  this  pheno- 
menon, and  the  experiments  made  with 
relation  to  it,  both  in  water  and  quick- 
filver;  thofe  made  with  the  latter  pro- 
ving exaCtly  the  reverfe  of  the  former; 
led  the  DoCtor  to  clear  the  whole  mat- 
ter, by  /hewing,  that  the  particles  of 
water  attraCt  each  other  ; that  the  parti- 
cles of  quick-filver  attraCt  each  other ; 
that  water  is  attracted  by  glafs;  that  quick- 
filver  is  attracted  by  glafs;  that  the 
particles  of  water  are  more  ftrongly 
attracted  by  glafs,  than  by  one  ano- 
ther; and,  laftly,  that  the  particles  of  quick- 
filver  are  more  Arongly  attracted  by  each 
other,  than  by  glafs.  See  all  thefe  proved 
in  the  Philof.  Tranf  N9.  355.  p.  739. 
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was  drawn  out  an  exceeding  (lender  pipe,  that  the  bubble  might  be  feal’d 
up,  with  as  little  rarifaction,  of  the  air  included  in  the  great  cavity,  as 
pofiible.  This  glafs,  being  (bal’d,  was  fatten’d  to  one  of  the  fcales  of  an 
exaft  balance  ; and,  being  counterpois’d  with  a weight  of  lead,  wras  con- 
vey’d into  the  receiver  •,  and  clofed  up  in  it.  The  beam  appearing  to 
continue  horizontal,  the  pump  was  fet  on  work;  and,  after  two  or 
three  exfu£tions,  the  balance  inclined  to  that  fide  on  which  the  bubble 
hung  ; which,  as  the  air  was  farther  drawn  out,  preponderated  more  ma- 
nifettly  ; at  length,  the  air  being  gradually  let  in  again,  the  fcales,  by 
degrees,  return’d  to  an  equilibrium.  Then  we  took  them  out,  and  catting 
into  that  fcale,  to  which  the  lead  belong’d,  three  fourths  of  a grain,  we 
again  plac’d  them  in  the  receiver  ; which,  being  clofed  and  exhaufted  as 
before,  as  the  air  was  drawn  out,  fo  the  glafs-bubble  came  nearer  to  an 
equilibrium  with  the  other  weight,  till  the  beam  (food  horizontal ; which, 
by  another  trial,  we  could  not  bring  it  to  do,  when  one  fourth  of  a grain 
more  was  added  to  the  fcale  whereto  the  lead  belong’d.  Tho’,  without 
doubt,  if  we  could  have  perfectly  evacuated  the  receiver,  the  air  included 
in  the  bubble,  would  have  weigh’d  above  a grain  ; tho’  it  were  fomewhat 
rarify’d  by  the  flame  wherewith  the  bubble  was  feal’d.  And,  upon  the 
return  of  the  excluded  air,  the  lead,  and  the  weight  caft  into  the  fame 
fcale,  did  again  very  much  preponderate. 

We,  likewife,  convey’d  into  the  receiver,  the  fame  bubble,  open’d  at 
the  end  of  the  (lender  pipe  above -mention’d  ; but,  having  drawn  out  the 
air  as  ufual,  we  found  not,  as  before,  the  bubble  to  out- weigh  the  oppo- 
fite  lead  ; fo  that  by  the  help  of  our  engine,  we  can  weigh  the  air,  as  we 
weigh  other  bodies,  in  its  natural  or  ordinary  confidence,  without  conden- 
fing  it.  Nay,  having  convey’d  a lamb’s  bladder,  half  full  of  air,  into  the 
receiver,  we  obferv’d,  that  tho’  upon  working  the  pump  the  imprifon’d 
air  expanded,  till  it  feem’d  ready  to  burft  the  bladder  ; yet  this  rarified  air 
manifeftly  deprefs’d  the  fcale  whereto  it  was  annex’d. 

And,  having  once  caus’d  the  pump  to  be  obftinately  ply’d,  in  repeating  whether  <?lafs 
the  former  experiment,  the  imprifon’d  air  broke  the  containing  glafs-bub-  be  pervious  to 
ble,  and  threw  the  greateft  part  of  it  againft  the  fide  of  the  receiver,  where-  air* 
by  it  was  (batter’d  into  a multitude  of  pieces.  Hence  we  may  difcern,  of 
how  clofe  a texture  glafs  is,  fince  fo  very  thin  a film  of  it,  as  this  bubble 
was,  prov’d  fo  impervious  to  the  air,  that  it  could  not  get  away  thro’  the 
pores,  but  was  forced  to  break  the  glafs  in  pieces,  to  free  itfelf ; and  this, 
notwithftanding  the  time,  and  advantage  it  had,  to  force  thro’  the  pores. 

This  I mention,  that  our  experiments  may  receive  no  prejudice  from  one 
I happen’d  to  make  long  fince  ; which  might  be  drawn  to  countenance 
their  opinion,  who  would  perfuade  us  that  glafs  is  pervious  to  air,  pro- 
perly fo  call’d  ; for,  in  diftilling  a certain  fubftance,  greatly  abounding 
with  fubtile  fpirits,  and  a volatile  fait,  in  a ttrong  earthen  vefifel,  of  an 
unufual  fhape,  to  which  was  luted  a large  receiver  of  green  glafs  ; the 
fire  was,  by  accident,  fo  excelfively  increas’d,  that  we  found  the  fpiri- 
tuous  and  faline  corpufcles,  thrown  over  fo  hot,  and  in  fuch  plenty,  into 
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P™.icsthe  receiver,  as  to  render  it  all  opake,  and  likely  to  fly  in  pieces, 
'**/y^*J  We  ventur’d,  however,  to  approach  it,  and  obferv’d,  on  the  outfide 
thereof,  at  a great  diftance  from  the  juncture,  there  was  fettled  a round, 
whitilh  fpot,  or  two,  which,  at  firfb,  we  thought  might  be  fome  (tain 
upon  the  glafs  •,  but  after  finding  it,  in  feveral  qualities,  like  the  oil  and 
ialt  of  the  concrete  diftill’d,  we  fufpedled,  that  the  mod  fubtile,  and  fu- 
gitive parts  of  the  impetuous  fleams,  had  penetrated  the  fubftance  of  the 
glafs,  and,  by  the  cold  of  the  ambient  air,  were  condenfed  on  the  furface 
of  it.  And,  indeed,  upon  examining  the  whole  matter,  a number  of  us 
unanimoufly  concluded,  that  the  fubtile  parts  of  the  dillilPd  matter,  be- 
ing violently  agitated  by  the  excefiive  heat,  had  pafs’d  thro*  the  pores  of 
the  glafs,  made  wide  by  the  fame  heat.  But  this  having  never  happen’d, 
more  than  once,  in  any  of  the  diflillations  we  have  either  made,  or  feerr, 
it  is  much  more  reafonable  to  fuppofe,  that  the  pervioufnefs  of  our  recei- 
ver, to  a body  much  more  fubtile  than  air,  proceeded  from  the  loofer  tex- 
ture of  that  particular  parcel  of  metal,  the  receiver  was  made  of;  for  all 
glafs  is  not  equally  compadt,  and  folid  ; and  from  the  prodigious  heat, 
which,  together  with  the  vehement  agitation  of  the  fubtile  fpirits,  open’d 
the  pores  of  the  glafs  *,  than  to  imagine,  that  fuch  a fubftance  as  air,  fhould 
be  able  to  permeate  the  body  of  glafs,  contrary  to  the  teftimony  of  a thou- 
fand  chymical  and  mechanical  experiments ; and,  of  many  made  in  our 
engine. 

The  penetra-  And,  the  following  experiment  feems  to  teach,  that  tho*  air,  when  fuf- 
rtif  Compar'd  ^c^ent^y  comprefs’d,  may,  perhaps,  get  entrance  into  fmaller  cavities,  than 
with  that  of  water  ; yet,  unlefs  the  air  be  forc’d  in,  it  will  not  pafs  them,  whilft  they 
water.  may  admit  of  water.  I took  a glafs  fiphon,  the  lower  end  of  whofe  longeft 

leg  was  drawn  fo  {lender,  that  the  orifice,  at  which  the  water  was  to  fail 
out,  would  hardly  admit  a very  fmall  pin.  This  fiphon  being  inverted, 
we  fo  order’d  it,  that  a little  bubble  of  air  was  intercepted  in  the  flendereft 
part,  betwixt  the  little  orifice,  juft  mention’d,  and  the  incumbent  water*, 
whence  the  air,  being  not  to  be  forced  thro*  fo  narrow  a paflage,  by  fo 
light  a cylinder  of  water,  as  refted  upon  it,  hinder’d  the  farther  efflux  of 
the  water,  as  long  as  we  let  it  ftay  in  that  narrow  place  *,  but  when,  by 
blowing  a little  at  the  wider  end  of  the  fiphon,  that  fmall  parcel  of  air 
was  forc’d  out,  with  fome  water  ; the  remaining  water,  that  before  con- 
tinu’d fufpended,  began  freely  to  drop  down  again,  as  before.  And  if 
a glafs  pipe,  either  in  the  form  of  a fiphon,  or  otherwife,  half  an  inch  in 
diameter,  but  at  one  end  fo  (lender,  as  to  terminate  in  an  orifice  almoft 
as  fmall  as  a horfe-hair,  be  fill’d  with  water,  it  will  drop  down  freely 
thorough  the  (lender  extremity.  But  if  the  pipe  be  inverted,  the  air  will 
not  eafily  get  in  at  the  fmall  hole,  thro*  which  the  water  pafs’d.  For,  in 
the  (harp  end  of  the  pipe,  fome  inches  of  water  will  remain  fufpended  *, 
which,  probably,  would  not  happen,  if  the  air  could  get  in  to  fucceed 
it  *,  fince,  if  the  orifice  were  a little  wider,  the  water  would  immediately 
fubfide.  And  tho’  when  the  pipe  is  many  inches  long,  a great  part  of  the 
water  will  run  down  at  the  wider  orifice  *,  yet  that  feems  to  happen  for 
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fome  other  reafon,  than  becaufe  the  air  fucceeds  it  at  the  upper 
narrow  one  ; fince  all  the  (lender  part  of  the  pipe,  and,  perhaps,  fome  in- 
ches  more,  will  continue  full  of  water. 

And,  tho’  we  have  formerly  (hewn,  that  the  aerial  corpufcles  cannot 
pafs  thro’  the  pores  of  a lamb’s  bladder  ; * yet,  particles  of  water  will  ; 
as  may  eafily  be  try’d,  by  very  clofely  tying  a little  alkaline  fait  in  a fine  • 
bladder,  and  dipping  its  lower  end  in  water  *,  for,  if  it  be  held  there 
for  a competent  time,  there  will  flrain  thro’  the  pores  of  the  bladder, 
water  enough  to  difiblve  the  fait  into  a liquor. 

But,  to  return  to  our  bubble  ; we  endeavour’d  to  meafure  its  capacity 
by  filling  it  with  water,  to  find  how  much  water  anfwer’d,in  weight, to  i of 
a grain  of  air  ; but  all  the  diligence  we  ufed  to  preferve  fo  brittle  a vefifeJ, 
could  not  prevent  its  breaking,  before  we  had  gain’d  our  point. 

But,  there  occurs  a problem,  upon  occafion  of  the  (low  breaking  of  the 
glafs  bubble  in  our  evacuated  receiver.  For,  it  might  feem  ftrange,  fince 
the  air,  as  we  have  feen,  expands  itfelf  by  its  own  internal  fpring,  twice 
as  much  as  Merfenmis  was  able  to  rarify  it  by  a red-hot  asolipile  ; that 
yet,  the  fpring  of  the  air  was  fcarce  able  to  break  a very  thin  glafs  bub- 
ble ; and  utterly  unable  to  break  one  fomewhat  thicker,  within  whofe  ca- 
vity it  was  imprifon’d  ; whereas,  air  pent  up,  and  agitated,  is  able  to  per- 
form effects  fo  much  more  confiderable,  that  the  learned  jefuit  Cabeus  tells 
us,  he  faw  a vaft  ffrong  marble  pillar  quite  broken  off  in  the  middle, 
by  the  heat  proceeding  from  wood,  which  happen’d  to  be  burnt  juft  by 
it  *,  which  fo  rarified  fome  air  or  fpirituous  matter  (hut  up  in  the  cavities 
of  the  marble,  that  it  burft  thro*  the  folid  body  of  the  (lone  by  the  force 
of  expan fion.  But,  probably,  the  reafon  why  the  included  air  did  not 
break  the  feal’d  bubbles,  in  our  exhaufted  receiver,  was,  that  being  fome- 
what rarified  by  the  flame  employ’d  to  feal  the  glafs,  its  fpring  upon  the 
recefs  of  the  heat  grew  weaker  than  before.  Yet,  this  will  not,  alone, 
ferve  the  turn,  becaufe,  much  fmaller  glafs  bubbles,  exaflly  clos’d,  will 
by  the  included  air  be  made  to  fly  in  pieces. 

We  took  an  asolipile  of  copper,  weighing  fix  ounces,  five  drams,  and  The  proportion 
forty-eight  grains  ; and  being  made  hot,  we  remov’d  it  from  the  fire,  and1/ the  weight 
immediately  flopt  it  with  hard  wax,  that  no  air  might  get  in  at  its  orifice.  ^ water  ^ 
Then  the  aeolipile,  being  fuffer’d  leifurely  to  cool,  ’twas  again  weigh’d, 
together  with  the  wax,  and  found  to  be  fix  ounces,  fix  drams,  and  thirty- 
nine  grains.  Laftly,  the  wax  being  perforated,  without  taking  any  of 
it  out  of  the  fcale,  the  external  air  was  fuffer’d  to  rufh  in  *,  and  then  the 


* M.  Homberg  is  of  opinion,  that  water 
enters  fuch  narrow  pores  of  animal  fub- 
ftances,  as  will  not  admit  the  air,  only  be- 
caufe it  moiftens  and  diffolves  the  glutinous 
matter  of  the  fine  fibres  of  the  membranes, 
and  alfo  renders  them  more  pliable  and  di- 
(traftile ; which  are  things , that  the  air. 


for  want  of  a wetting  property,  cannot  do. 
As  a proof  of  this  doctrine,  he  fill’d  a blad- 
der with  air,  and  comprefs’d  it  with  a 
ftone,  and  found  no  air  to  come  out ; but, 
placing  the  bladder,  thus  comprefs’d,  in 
water,  that  air  eafily  cfcaped.  Hiji.  de 
l' Acad.  A.  1700.  p.  17. 


Mm  m 2 


asolipilc 


45  2 


Phyjico-  mechanical  Experiments. 


F n rv  M a t i c s 


jEohpile  and  wax  being  again  weigh’d,  amounted  to  fix  ounces,  fix  drams 
and  fifty  grains.  So  that  the  aeolipile,  freed  as  far  as  our  fire  could  free  it’ 
from  its  air,  weigh’d  lefs  than  when  replenifli’d  with  air,  full  1 1 trains  • 
that  is,  the  air  containable  within  the  cavity  of  the  aeolipile,  amounted  to 
} 1 grams,  and  fomewhat  more.  And,  by  the  way,  if  there  be  no  miftake 
m the  obiervation  of  Merfemms , it  may  fee  m ft  range  that  it  fhould  lb 
much  differ  from  two  or  three  of  ours ; in  none  of  which  we  could  rarity 
the  air  in  an  aeolipile,  tho*  made  red-hot,  almoft  all  over,  and  immedi- 
ately plung’d  into  cold  water,  to  half  that  degree  which  he  mentions,  ziz 
feventy  times  its  natural  extent;  unlefs  the  aeolipile,  he  employ’d,  was 
able  to  fuftain  a more  vehement  heat  than  ours.  * 


This  way  of  weighing  the  air,  by  the  help  of  an  aeolipile,  feems  fome- 
what  more  exact,  than  that  which  A lerfeimus  ufed,  becaufe  we  weigh’d 
not  the  aeolipile  till  it  was  cold  -,  whereas  he  weigh’d  it  red-hot,  whereby 
it  is  fubjedt  to  lofe  of  its  weight  in  cooling  ; for,  copper  heated  red-hot, 
throws  off,  in  the  cooling,  little  thin  fcales  in  fuch  plenty,  chat,  having  pur- 
pofely  watch’d  a copper  aeolipile,  during  its  refrigeration,  we  have  feen 
tne  place  round  about  it,  almoft  cover’d  with  them  every  way.  Perhaps, 
too,  the  aeolipile,  in  cooling,  may  not  receive  fome  little  increafeof  w, b-ht’ 
either  from  the  vapid,  or  faline  fleams  that  float  in  the  air.  We  employ’d! 
to  weigh  our  aeolipile,  both  when  fill’d  with  air,  and  when  replenifh’d  with 
water,  a pair  of  fcales  that  would  turn  with  the  fourth  part  of  a crrain.  As 
to  tire  proportion  of  weight  betwixt  air  and  water,  fome  learned  men  have 
attempted  to  fettle  it,  by  ways  fo  inaccurate,  that  they  feem  to  have  been 
much  miftaken.  llicciolus  having  purpofely  endeavour’d  co  difcover  this 
proportion,  by  means  of  a thin  bladder,  eflimates  the  weight  of  the  air,  co 
that  of  tire  water,  as  about  i to  10,000  ; and  indeed,  having  once  weigh’d 
n.  large  bladder  full  of  air,  and  found  it  to  contain  14  grains,  the  fame 
bladder,  afterwards  fill  d with  water,  contain’d  near  14  pounds  •,  whence 
the  proportion  ot  air  to  water,  feem’d  almoft  as  a grain  to  a pound,  that  is, 
as  1 to  above  7600.  On  the  other  hand,  Galileo  makes  the  air  to  water,  as 
1 to  400.  But  our  way  of  weighing  the  air  by  an  seolipile,  feems  by  much 
the  more  exadt.  And,  according  to  our  oblervations,  the  water  it  contain’d 
amounting  to  21  ounces  and  a half and  as  much  air  as  was  requifite  to  fill 
it,  weighing  1 1 grains ; the  proportion  in  gravity  ol  air,  to  water  of  the 
fame  bulk, will  be  as  1 to  938.  And  tho’  we  could  not  fill  the  seolipile  with 
water  very  exa&ly,  yet  as  we  neither  could  perfectly  drive  the  air  out  of  ic 


* It  may  be  pretended,  that  his  not  the 
air,  but  fome  vapour,  or  exhalation,  con- 
tain’d in  it,  that  here  weighs  upon  the  ba- 
lance, To  obviate  this  obje&ion,  M.  Muf- 
chenbroeck  contriv’d  the  following  experi- 
ment. It  is  a known  thing  in  chymiitry, 
that  dry  alkaline  fairs  attra&,and  abforb  the 
moifture  of  the  air,  and  thereby  run,  per 
dehquium , as  it  is  call’d.  That  philofopher, 
therefore,  havmg  exhaufted  a proper  veffel 
of  its  air,  fitted  another  vefle],  wherein  was 
lodg’d  a large  quantity  of  very  dry  fait  of 


tartar,  reduc’d  to  fine  powder,  and  made 
hot,  to  the  neck  of  the  former  j fo  that  the 
external  air  mull  pafs  (lowly  thro’  this  fait, 
before  it  could  poffibly  get  into  the  exhauft- 
ed veffel ; whereby  the  air  that  entred,  was 
drained,  and  perfe&ly  freed  from  any  moi- 
fture  that  might  have  been  lodg’d  therein. 
The  veifel  being  thus  fill’d  with  pure  air, 
and  put  into  the  fcale,  was  found  to  weigh 
as  much  as  when  fill’d  with  unpurg’d  air. 
De  Mater,  fubtil.  p.  7. 

by 
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by  heat,  we  think  the  proportion  may  hold  good:  however,  in  a round  fum,  Pniumatics 
v/e  may  fay,  water  is  near  1000  times  heavier  than  air.  And  accordingly, 
having,  at  another  time,  put  fome  water  in  the  seolipile,  before  we  fet  it 
on  the  fire,  that  the  vapours  of  the  rarified  liquor  might  the  better  drive 
out  the  air,  we  found,  upon  trial  carefully  made,  that  when  the  aeolipile 
was  refrigerated,  and  the  included  vapours,  by  the  cold,  turned  again  in- 
to water  ; the  air  being  let  in,  increas’d  the  weight  of  the  asolipile,  eleven 
grains,  as  before;  tho’  there  were  already  in  it,  twelve  drams,  and  32 
grains  of  water,  which  remain’d  of  that  v/e  had  put  into  it,  to  drive  out 
the  air.  Merfennus , indeed,  tells  us,  that,  by  his  account,  air  is  in  weight 
to  water,  as  1 to  1356  ; and  adds,  that  we  may,  without  any  danger, 
fuppofe,  the  gravity  of  water  to  that  of  air  of  a like  bulk,  as  1300  to  1 *, 
and,  confequently,  that  a quantity  of  air,  to  a quantity  of  water,  equi- 
ponderant thereto,  is  as  1300  to  1 . But  why  we  fhould  relinquifh  our  own 
carefully  repeated  trials,  I fee  not ; yet  I am  unwilling  to  rejeft  thofe  of  fo 
accurate  and  ufeful  a writer  *,  and  therefore  fufped:,  that  the  difference  in 
our  obfervations,  proceeds  from  the  different  confidence  of  the  air  at  Lon - 
don,  and  at  Paris:  for,  our  air  being  more  cold  and  moift  than  theirs, 
may  be  fuppofed,  alfo,  to  be  a fourth,  or  a fifth  part  heavier.  Perhaps 
it  may  be  of  moment,  too,  that  our  obfervations  were  made  in  the  midft 
of  v/inter,  whilft  his  might  be  made  in  fome  warmer  part  of  the  year. 

It  might  be  expedled,  that  we  fhould,  from  thefe  and  other  obfer  -The  height  of 
vations,  decide  the  controverfy  about  the  height  of  the  atmofphere  *, tke  atmofpbere 
but,  tho’  it  feems  eafy  to  fhew  that  many  famous  writers  have  been cm?u  e ' 
miftaken  in  affigning  this  height ; yet,  ’tis  very  difficult,  precifely  to 
define  its  extent. 

Now,  we  have  already  made  it  appear,  that  at  lead  about  London , the 
proportion  of  fpecific  gravity  betwixt  water  and  air,  is,  as  1000  to  1. 

And,  to  determine  the  difference  in  weight  betwixt  water  and  quick- 
filver,  we  took  a glafs-pipe,  in  the  form  of  an  inverted  fiphon,  and  pouring 
into  it  a quantity  of  quick-filver,  we  held  it  fo,  that  the  fuperficies  of  the 
liquor,  both  in  the  longer  and  fhorter  leg,  lay  in  the  horizontal  line  E F ; Fig.  40. 
then  pouring  water  into  the  longer  leg  of  the  fiphon,  till  that  was  almoft 
fill’d,  we  obferv’d  the  furface  of  the  quick-filver  in  that  leg  to  be,  by  the 
weight  of  the  water,  deprefs’d  from  E,  to  B,  and  in  the  fhorter  leg,  to  be 
as  much  imped’d  upwards  from  F,  to  C.  And  having,  before-hand,  made 
marks,  as  well  at  the  point  B,  as  at  the  oppofite  point  D,we  meafur’d  both 
the  diftance  D C,  to  have  the  height  of  the  cylinder  of  quickfilver,  which 
was  rais’d  above  the  point  D,  by  the  weight  of  the  water,  and  the  diftance 
B A,  which  gave  us  the  height  of  the  cylinder  of  water.  So  that  the  di- 
ftance D C,  being  2Tl  inches,  and  the  height  of  the  water  3017  inches, 
the  proportion  appear’d  to  be  as  121  to  1665,  or  as  1 to  tIt. 

We  alfo  meafured  the  proportion  betwixt  quick-filver  and  water  by  the 
help  of  a balance,  which  would  turn  with  the  hundredth  part  of  a grain. 

But,  becaufe  an  over-fight  is  ufually  committed  in  weighing  quick-filver, 
and  water ; efpecially  if  the  orifice  of  the  containing  veffel  be  wide  ; fince 
2 ’ the 
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Pneumatics  the  furface  of  water  in  vefiels,  will  be  concave,  but  that  of  quick- 
filver  confiderably  convex  ; to  avoid  this  inconvenience,  we  made  ufe 
of  a glafs-bubble,  blown  very  thin,  that  it  might  not  be  too  heavy  for  the 
balance,  and  terminating  in  a very  {lender  neck,  wherein  the  concavity 
or  convexity  of  a liquor  could  not  be  confiderable.  This  glafs  weigh- 
ing 23I-  grains,  we  almoft  fill’d  it  with  quick- filver,  and  faftning  a mark 
over  againft  the  middle  of  the  protuberant  fuperficies,  we  found  that 
the  quick-filver  alone,  weigh’d  2997-5*  grains  ; then  the  quick-filver  be- 
ing pour’d  out,  and  the  fame  glafs  fill’d  to  the  fame  height  with  com- 
mon water,  we  found  it  to  weigh  21-5-  grains  : whereby  it  appear’d,  that 
the  weight  of  water  to  quick-filver,  is,  as  1 to  i?Tf;  tho’  the  illuftri- 
ous  Verulam , merely  for  want  of  exadt  inftruments,  makes  the  proportion 
betwixt  them  greater  than  of  1 to  17.  And,  by  the  way,  fince  quick- 
filver,  and  well  rectified  fpirit  of  wine  are  accounted,  one  the  heavieft,  and 
the  other  the  lighted:  of  fluids  ; with  the  fame  glafs,  and  fcales,  we  found, 
the  difference  betwixt  them,  to  be,  as  1 and  i6t4t?>  whence,  the  diffe- 
rence betwixt  highly  rectified  fpirit  of  wine,  and  common  water,  is,  as 
betwixt  1 and  1 t*t.  But  to  avoid  fractions,  let  us  fuppofe  quick  filver  is 
fourteen  times  as  heavy  as  water.  We  have  then  given  us,  the  proportion 
of  air  to  water,  and  of  water  to  quick-filver;  from  whence  it  is  eafy  to 
find  the  proportion  betwixt  air  and  quick-filver  ; if  we  fuppofe  the  atmo- 
Iphere  to  be  uniformly  of  fuch  a confiftence  as  here  below.  For,  fince 
our  engine  hath  fufficiently  manifefted,  that  ’tis  the  equilibrium  with  the 
external  air,  that,  in  the  Torricellian  experiment,  fuftains  the  quick-filver; 
and,  fince  by  our  accurate  experiment,  formerly  mention’d,  a cylinder  of 
mercury,  able  to  balance  a cylinder  of  the  whole  atmofphere,  amounted  to 
about  thirty  inches  *,  and  fince,  confequently,  we  may  affume  the  propor- 
tion of  quick-filver  to  air,  to  be  as  14000  to  1 ; it  will  follow,  that  a cy- 
linder ol  air,  able  to  maintain  an  equilibrium  with  a mercurial  cylinder  of 
two  feet  and  a half  in  height,  mufl  amount  to  35000  Englijh  feet,  and  con- 
fequently to  feven  miles. 

But  we  cannot  fafely  conclude,  that  the  air  is  every  where  of  the  fame 
confiftence  we  found  it,  near  the  furface  of  the  earth  ; not  only  becaufe,  as 
Seneca  fays,  “ the  air  is  more  grofs,  the  nearer  it  comes  to  the  earth,  as 
“ the  feces  fall  to  the  bottom  in  water”  ; but  becaufe  the  fpringy  texture 
of  the  aerial  corpufcles  makes  them  capable  of  a very  great  comprefiure, 
which  the  weight  of  the  incumbent  part  of  the  atmofphere  exerts  upon 
the  undermoft,  near  the  furface  of  the  earth.  And  as  we  have  feen,  that 
air,  much  rarify’d  without  heat,  may  eafily  admit  a farther  rarifadlion  with 
it  ; and  that,  even  without  being  expanded  thereby,  it  is  capable  of  being 
rarify’d  to  above  a hundred  and  fifty  times  the  extent  it  ufually  poflefleth 
here  below  *,  perhaps  the  atmofphere  may  rife  to  the  height  of  fome  hun- 
dred miles  : nay,  exhalations  may  afcend  much  higher,  if  there  was  no 
miftake  in  that  llrange  oblervation  made  at  Toloufe , in  a clear  night  in  Au- 
guft,  by  the  diligent  Emanuel  Magnan  ; who,  as  Ricciolus  tells  us,  “ faw, 
from  eleven a-clock  at  night,  till  twelve,  while  the  moon  was  under  the 

“ horizon, 
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“ horizon,  a little  lucid  cloud,  near  the  meridian,  and  almoft  in  the  Pneumatic* 
“ zenith,  which  could  be  illumin’d  by  nothing  but  the  fun  ; and,  there- 
“ fore,  mud  have  been  higher  than  the  whole  fhadow  of  the  earth. 

“.And,”  fays  Ricciohs , “ the  like  phenomenon  was  obferv’d  by  the 
“ great  mathematician  Riccius .” 

Various  obfervations,  made  at  the  feet,  tops,  and  interjacent  parts  of 
high  mountains,  might,  perhaps,  affift  us  to  make  an  eftimate  in  what 
proportion  the  higher  air  is  thicker  than  the  lower  *,  and  toguefs  at  the 
different  confidence,  as  to  laxity  and  compa<ftnefs  of  the  air,  at  feverah 
diftances  from  us.  And,  if  the  difficulties  about  the  refra&ions  of  the 
celeftial  luminaries  were  fatisfa&orily  determined,  that  might  alfo  con- 
duce to  affign  proper  limits  to  the  atmofphere.  But,  at  prefent,  we  dare 
not  pronounce  any  thing,  peremptorily,  concerning  the  height  of  it. 

37.  We  have  often  obferv’d,  that,  when  the  fucker  of  our  pump  was OSdpbenome- 
drawn  down,  immediately  upon  turning  the  key,  there  appear’d  a kind  na  of  light  pro* 
©f  light  in  the  receiver,  almoft  like  a faint  flaffi  of  lightning,  in  the  day-  ducednt  th* 
time  *,  and  almoft  as  fuddenly  did  it  appear,  and  vaniffi.  When  we  fir  ft r air-pump.  * 

took  notice  of  this  phenomenon,  the  day  was  clear,  the  hour  about  ten  in 
the  morning,  and  the  only  window  in  the  room  faced  the  north  ; and  we 
found  that,  by  interpofing  any  opake  body  between  the  receiver,  and  the 
window,  tho*  the  reft  of  the  room  were  fufficiently  enlighten’d,  yet 
the  flaffies  did  not  appear  as  before.  As  foon  as  night  was  come,  we 
made  the  room  very  dark,  and  plying  the  pump,  as  in  the  morning, 
could  not  find,  upon  turning  the  key,  the  leaft  glimmering  of  light. 

Whence  we  inferr’d,  that  the  flaffi,  appearing  in  the  receiver,  did  not 
proceed  from  any  new  light,  generated  there  ; but  from  fome  reflections 
of  the  light  of  the  fun,  or  other  luminous  bodies,  placed  without : tho’, 
wh:  nee  the  reflection  ffiould  happen,  was  hard  to  fay. 

Wherefore,  the  next  morning  we  went  about  to  repeat  the  experiment ; 
but  tho’  we  could,  as  well  as  formerly,  exhauft  the  receiver  ; tho’  the 
place  wherein  vve  made  the  trial,  was  the  very  fame  *,  and  tho’  other  cir- 
cumftances  correfponded  ; yet  we  could  not  difeover  the  leaft  appearance 
of  light  all  that  day,  no  more  than  on  feveral  others : nor  can  we,  to  this 
very  time,  be  fure,  a day  before-hand,  that  thefe  flaffies  will  appear  in 
our  great  receiver.  Nay,  having  once  found  the  engine  difpofed  to  exhibit 
this  phenomenon,  we  fent  notice  of  it  to  Dr.  JVallis , who  was  then  very 
near  at  hand,  and  made  hafte  to  fatisfy  his  curiofity  * yet,  by  that  time  he 
arrived,  the  appearance  was  ceafed  : and  having  long,  in  vain,  endea- 
vour’d to  exhibit  it  again,  we  were,  after  all,  unexpectedly  prefented  with 
a few  flaffies. 

And  this  contingency,  whereto  our  experiment  is  liable,  being  fuch, 
that  in  all  fuch  conftitutions  of  the  weather,  times  of  the  day,  &V.  it 
will  fometimes  anfwer,  and  fometimes  difappoint  our  expe<5tations  j we  are 
much  difeouraged  from  framing  an  hypothefis  to  folve  it  ; tho’  it  might  be 
attempted  from  confidering  the  following  phenomena,  (i.)  The  appear- 
ance may  as  well  be  exhibited  by  candle-light,  as  by  day-light,  and  in 

what- 
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Pneumatics  whatever  pofition  the  candle  be  held  to  the  receiver,  provided  the  rays  of 
light  be  not  hinder’d  from  falling  upon  the  veflel.  (2.)  The  flafh  appears 
immediately  upon  turning  the  key,  to  let  the  air  out  of  the  receiver  into 
the  empty’d  cylinder  ; fo  that,  I remember  not,  that  the  flafh  appear’d, 
when  at  any  time,  in  our  great  receiver,  the  ftop-cock  was  open’d,  before 
the  cylinder  was  exhaufted.  (3.)  When,  inftead  of  the  great  receiver,  we 
made  ufe  of  a fmall  glafs,  not  containing  above  a pound  and  half  of  wa- 
ter ; the  phenomenon  might  be  exhibited,  tho’  the  ftop-cock  remain’d 
open,  provided  the  fucker  was  drawn  nimbly  down.  (4.)  When  we  began 
to  empty  the  veflel,  the  appearances  of  light  were  much  more  confpicu- 
ous,  than  towards  the  latter  end,  when  little  air  at  a time,  could  pafs  out  of 
the  receiver.  (5.)  When  the  fucker  had  lately  been  well  oil’d,  and,  in- 
ftead of  the  great  receiver,  the  fmaller  veflel,  above-mention’d,  was 
emptied  ; upon  opening  the  ftop-cock,  as  the  air  defcended  out  of  the 
glafs  into  the  emptied  cylinder,  there  afcended  out  of  the  cylinder  into  the 
veflfel  a certain  fleam,  which  feem’d  to  conflft  of  very  little  bubbles,  or 
other  minute  corpufcles,  thrown  up  from  the  oil,  rarify’d  by  the  attri- 
tion it  fuflfer’d  in  the  cylinder.  For,  at  the  fame  time  that  thefe  fleams 
afcended  into  the  glafs,  fome  of  the  fame  kind  manifeftly  iflfued  out,  like 
a little  pillar  of  fmoke,  at  the  orifice  of  the  valve,  when  that  was  occa- 
fionally  open’d.  And  thefe  fleams,  frequently  prefenting  themfelves  to 
our  view,  we  found,  by  expofing  the  glafs  to  a clear  light,  that  they 
play’d  up  and  down  in  it ; and  by  their  whitifhnefs,  in  fome  meafure  re- 
fembled  the  appearance  of  light.  ( 6.)  For,  when  the  flafh  was  great, 
the  receiver,  at  the  very  inftant,  loft  of  its  tranfparency,  by  appearing 
full  of  fome  kind  of  whitifh  fubftance  ; and,  for  a fliort  time  after, 
the  ftdes  of  the  glafs  continu’d  opake,  and  feem’d  to  be  darken’d,  as 
if  fome  whitifh  fleam  adhered  to  the  inflde  of  it. 

But  he  who  would  fairly  account  for  the  phenomenon,  whereof  thefe 
are  not  all  the  circumftances,  muft  fhew  from  whence  the  apparent  white- 
nefs  proceeds  •,  and  why  that  whitenefs  fometimes  appears,  and  fome- 
times  not.  Now,  had  our  phenomenon  been  conftant  and  uniform,  we 
ftiould  fufped  it  to  have  been  produc’d  after  the  following  manner;  for 
tho’  what  we  faw  in  our  receiver,  feem’d  to  be  a kind  of  light,  yet 
it  was,  indeed,  but  a whitenefs,  which  render’d  the  inflde  of  the  glafs 
opake. 

Now  our  common  air  abounds  with  particles,  able  to  refled  the  rays  of 
light,  as  appears  from  that  vulgar  obfervation,  the  motes  in  the  air,  when  the 
fun-beams  fhooting  into  any  fhady  place,  difcover  them,  tho’,  otherwife, 
the  eye  cannot  diftinguifh  them  from  the  air.  And,  I particularly  remem- 
ber, that  being  at  fome  diftance  from  London , at  a time  whem  numerous 
bonfires  happen’d  to  be  made  there;  tho’  we  could  not  fee  the  fires  them- 
ieives,  yet  we  could  plainly  perceive  the  air  all  enlightned  near  the  city  : 
which  argued,  that  the  rays,  fnot  upwards  from  the  fires,  met,  in  the  air, 
with  corpufcles  opake  enough  to  refled  them  to  our  eyes. 
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White  may  be  produc’d,  when  the  continuity  of  a tranfparent  body  hap- 
pens to  be  interrupted  by  a great  number  of  furfaces,  which,  like  fo  many 
little  looking-glafies,  confufedly  reprefent  a multitude  of  fmall  and  feem- 
ingly  contiguous  images  of  the  lucid  body.  For,  water,  or  the  whites  of 
eggs,  beaten  to  a froth,  lofe  their  tranfparency,  and  appear  white.  And 
having,  out  of  one  of  our  fmall  receivers,  carefully  drawn  out  the  air, 
and  left  a very  little  hole,  by  which  the  water  was  to  get  in,  we 
obferved  that  the  neck,  being  held  under  water,  and  the  little  hole  open’d, 
the  water  that  rufli’d  in,  was  fo  broken,  and  acquired  fuch  a multitude 
of  new  lurfaces,  that  the  receiver  feem’d  to  be  full  rather  of  milk,  than 
water.  And  farther,  by  heating  a lump  of  cryftal,  and  quenching  it  in 
fair  water,  it  will  be  difcontinued  by  fuch  a multitude  of  cracks,  which 
create  new  furfaces  within  it,  that  tho’  it  will  not  fall  afunder,  yet  it  tales 
its  tranfparency.  and  appears  white. 

Hence  we  might  imagine,  that  upon  the  rufhing  of  the  air  out  of  the  re~ 
ceiver^  into  the  empty’d  cylinder,  the  air  in  the  receiver,  being  fuddenly, 
and  vehemently  expanded,  the  texture  of  it  was  as  fuddenly  alter’d ; and 
the  parts  made  fo  to  fhift  places,  and,  perhaps,  fome  of  them,  to  change 
poftures,  as  during  their  new  and  vehement  motion,  and  their  varied  fitu- 
ation,  to  difturb  the  ufual  continuity,  and  thereby,  the  tranfparency  of  the 
air;  which  ceafing  to  be  a tranfparent  body,  mull  eafily  degenerate  into 
white. 

Several  things  there  are  which  make  this  conjecture  feem  the  more  pro- 
bable ; as,  firft,  the  whitenefs  always  appear’d  greater,  whilft  there  was 
much  air  in  the  receiver,  than  when  the  air  was  in  great  part  drawn  out. 
Secondly,  having  exhaufted  the  receiver,  and  applied  to  the  hole  in 
the  flop-cock,  a large  bubble  of  clear  glafs ; fo  that  we  could,  at  plea- 
fure,  let  the  air  pafs  out,  at  the  fmall  glafs,  into  the  great  one,  and  eafily 
fill  the  fmall  one  with  air  again ; we  obferved,  that  upon  opening  the  com- 
munication betwixt  the  two  glafles,  the  air,  in  the  fmaller,  finding  fo 
much  room  in  the  greater,  to  receive  it,  flew  out  with  fuch  force,  that 
the  fmall  vial  feem’d  to  be  full  of  milk : and  this  experiment  we  repeated 
feveral  times.  And,  thirdly,  having  provided  a fmall  receiver,  with  its 
upper  orifice  fo  narrow,  that  I could  flop  it  with  my  thumb,  I obferv’d, 
that  when,  upon  theexfu&ion  of  the  air,  the  capacity  of  the  glafs  appear’d 
white ; if,  by  a fudden  removal  of  my  thumb,  I let  in  the  outward  air, 
that  whitenefs  would  immediately  vanilh.  It  may,  indeed,  be  objected, 
that  when  water  turns  from  tranfparent  to  white,  the  air  intervenes, 
which  converts  it  into  bubbles.  To  this  I reply,  there  are  two  very  vo- 
latile liquors,  which  being  gently  put  together,  are  as  clear  as  rock-water, 
and  yet  will  inftantly,  without  the  help  of  air  to  turn  them  into  bub- 
bles, fo  alter  the  difpofition  of  their  infenfible  parts,  as  to  become  a white 
confiftent  body.  And  this  happens  not  as  in  the  precipitation  of  benja- 
min, and  fome  other  refinous  fubftances ; which  being  diflolv’d  in  fpirit  of 
wine,  may,  by  the  aflfufion  of  fair  water,  be  turn’d  into  a milky  fubfiance: 
for  this  whitenefs  belongs  not  to  the  whole  liquor,  but  to  the  corpuf- 
V o l.  II.  N n n . cles 


Pneumatics 

V-O-N w/ 


45  8 P hyfico-tnechanical  Experiments. 

pN”I^4JICS  c^es  diffolv’d  g’jm5  which,  after  a while  fubfiding,  leave  the  liquor 

tranfparent,  themfelves  only  remaining  white.  But,  in  our  cafe,  ’tis  from  \ 
the  varied  texture  of  the  whole  tranfparent  fluid  ; and  not  from  any  parti- 
cular part,  that  this  whitenefs  refults:  for  the  body  is  white  throughout, 
and  will  long  continue  fo ; and  yet  may,  in  procefs  of  time,  without  any 
addition,  be  totally  reduced  into  a tranfparent  body,  as  before. 

Another  conjecture,  we  grounded  upon  this  obfervation  : having  con- 
vey’d fomefmokeinto  our  receiver,  placed  againft  a window,  we  obferv’d, 
that,  upon  the  exfu&ion  of  the  air,  thecorpufcles  floating  in  it,  manifeftly 
enough  made  the  receiver  feem  more  opake,  at  the  very  inftant  the  air 
rufhed  out.  For,  confidering  that  the  whitenefs,  whofe  caufe  we  enquire 
after,  did  but  fometimes  appear,  it  feem’d  not  iinpofllble,  that,  at  fuch 
times,  the  air  in  the  receiver,  might  abound  with  particles  capable  of  re- 
flecting the  light,  in  the  manner  requifite  to  exhibit  a white  colour,  by  be- 
ing put  into  a certain  unufual  motion  ; as  the  new  motion  of  their  former 
fumes,  made  the  infide  of  the  receiver  appear  darker  than  before  ; and  as 
our  fmoking  liquor,  formerly  mention’d,  whofe  parts,  tho*  they  feem’d 
tranfparent,  whilft  they  compos’d  a fluid  ; yet  when  the  fame  corpufcles, 
upon  unftopping  the  glafs,  were  put  into  a new  motion,  and  difpos’d  af- 
ter a new  manner,  they  render’d  that  part  of  the  air  opake,  wherein  they 
mov’d,  and  exhibited  a greater  whitenefs  than  fometimes  appears  in  our 
receiver. 

But  as  to  the  reafon  why  our  phenomenon  appears  not  conftantly,  I re- 
member not  that  we  ever  made  the  experiment  in  a fmall  vefiel,  without 
finding  the  expeCled  whitenefs.  But  it  remains  to  be  explained,  why  in 
our  great  receiver,  the  phenomenon  fhould  fometimes  be  feen,  and  often 
not.  All  I have  to  fay  on  this  head  is,  that  the  air  about  us,  and  much 
more  that  within  the  receiver,  may  be  much  alter’d  by  fuch  cafes,  as  few 
are  aware  of.  The  learned  Jofephus  Acojta  tells  us,  that  “ in  America  there 
are  winds  which  naturally  trouble  the  water  of  the  fea,  making  it  green 
<c  and  black,  and  others  as  clear  as  cryftal.”  And,  tho’ we  convey'd 
into  the  receiver,  the  feales  and  the  pendulums,  formerly  mention’d,  clear 
and  bright  ; yet,  after  the  vefiel  had  been  emptied,  and,  the  air  let  in 
again,  the  luftre  of  both  appear’d  tarnilh’d  by  a beginning  ruft.  And, 
laftly,  having,  with  pure  fpiritof  wine,  drawn  a tranfparent  tinClure  out 
of  a certain  concrete,  commonly  reckon’d  among  minerals,  we  put  it  into  a 
cryftahvial,  carefully  flopp’d  it,  and  lock’d  it  up  in  a prefs;  and  this  liquor, 
being  a chymical  rarity,  ard  of  a pleafing  golden  colour,  we  had  often 
occaflon  to  view  it;  and  took  notice  that  once  it  feem’d  to  be  very  thick  : 
whereupon,  we  imagin’d  it  pofiible,  that  fome  of  the  mineral  corpufcles 
were  then  precipitating.  But  finding,  after  fome  days,  that  tho’ no  precipita- 
tion had  been  made,  and  that  the  liquor,  retaining  its  former  vivid  colour* 
wasgrown  clear  again,  as  before  ; we  lock’d  it  up  again  in  the  fame  prefs, 
and  refolv’d  to  obferve  whether  the  like  changes  would  again  appear  in 
our  tindlure ; and,  in  cafe  they  Ihould,  whether  they  might  be  aferibed  to 
the  alterations  of  the  weather.  But  tho*  during  the  greateft  part  of  a 
, . winter. 
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winter,  and  a fpring,  we  obferv’d  the  liquor  would  often  grow  turbid ; t 

and  after  a while,  clear  again-,  yet  we  could  not  find,  that  it  depended 
upon  any  manifeft  changes  in  the  air-,  which  would  be  often  dark  and 
cloudy,  when  the  tin&ure  was  clear  and  tranfparent ; as,  in  clear  wea- 
ther, the  liquor  would,  fometimes,  appear  troubled,  and  more  opake. 

38.  Into  a glafs  vial,  open  at  the  top,  we  put  a mixture  of  fnow,  and  com-  Water  made  to 
mon  fait;  and  in  the  mid  ft  of  this  mixture,  fet  a cylindrical  glafs,  clofely^z<?  m va~ 
Hopp’d  at  the  lower-end,  and  open  at  the  upper,  where  we  fill’d  it  with 
common  water  -,  then  let  them  all  down  into  the  receiver  -,  and  the  pump 
being  fet  on  work,  the  fnow  began  to  meltfafter  than  we  expected.  How- 
ever, by  that  time  the  receiver  had  been  confiderably  exhaufted,  which 
it  was  in  lefs  than  a quarter  of  an  hour,  we  perceived  the  water,  near  the 
bottom  of  the  glafs  cylinder,  to  freeze;  and  the  ice,  by  a little  longer 
ftay,  feem’d  to  increafe,  and  to  rife  fomewhat  higher  than  the  furround- 
ing furface  of  the  liquor  whereinto,  almoft  all  the  fnow  and  fait  were 
diffolved.  The  glafs  being  taken  out,  it  appeared  that  the  ice,  was  as 
thick  as  the  infide  of  the  vefiel  it  filled  ; tho’,  into  that,  I could  put  my 
thumb.  The  upper  furface  of  the  ice  was  very  concave,  and  held  a- 
gainft  the  light,  appear’d  not  deftitute  of  bubbles;  tho’  they  were  fewer 
than  if  the  water  had  been  frozen  in  the  open  air.  The  like  experiment  we 
made,  alfo,  in  one  of  our  fmall  receivers,  with  like  fuccefs. 

But,  whence  proceeds  thatftrange  force,  we  may  fometimes  obferve  in 
frozen  water,  to  break  the  bodies  that  imprifon  it,  tho*  hard  and  folid  ? A 
ftone-cutter,  lately  complained  to  me,  that,  fometimes,  thro’  the  negli- 
gence of  his  fervants,  the  rain  being  fuffer’d  tofoak  into  marble,  the  violent 
frofts  coming  on,  would  burft  the  ftones.  And,  another  tradefman  com- 
plain’d, that,  even  implements  made  of  bell-metal,  being  carelefiy  expos’d 
to  the  wet,  have  been  broken  and  fpoil’d  by  the  water,  which,  having  en- 
tred  at  the  little  cavities  of  the  metal,  was  there,  afterwards  froze  and  ex- 
panded into  ice.  And  Cabeus  tells  us,  that  he  faw  a huge  vefifel  of  exceed- 
ing hard  marble  fplit  afunder,  by  congeal’d  water.  I know  it  will  be  faid, 
to  folve  this  problem,  that  congelation  doth  not  reduce  water  into  lefsfpace, 
than  it  before  poflefs’d,  but,  rather  makes  it  take  up  more.  But,  tho*  we 
grant,  that  water  fwells  in  freezing ; yet  how  cold,  which,  in  weather- 
glafies,  manifeftly  condenfeth  air,  fhould  expand  either  the  water  or  the 
intercepted  air,  fo  forcibly  as  to  perform  what  we  have  here  related,  re- 
mains to  be  difeover’d. 

39.  We  took  an  oval  glafs,  clear,  and  pretty  ftrong,  with  a fhort  neck  A water  ther- 
at  theobtufer  end,  thro’  which  we  thruft,  almoft  to  the  bottom,  a pipe  of™ me  ter  in  va- 
glafs,  and  clofely  cemented  it  to  the  neck:  the  upper  part  of  the  pipeCUOj 
was  drawn,  in  fome  parts,  more  (lender  than  a crow’s  quill,  that  the  chan- 
ges of  the  air  in  the  glafs-egg,  might  be  the  more  confpicuous ; then  we 
conveyed  into  the  glafs,  five  or  fix  fpoonfuls  of  water,  part  of  which, 
by  blowing  air  into  the  egg,  was  rais’d  into  the  (lender  part  of  the  pipe  ; 
fo  that  the  water  was  interpofed  between  the  external  air,  and  that  in- 
cluded in  the  egg.  This  weather-glafs,  was  fo  placed,  and  clofed  up 
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In  the  cavity  of  a final!  receiver,  that  only  the  (lender  part  of  the  pipe^ 
to  the  height  of  four  or  five  inches,  paffing  thro’  a hole  in  the  cover,  re- 
main’d expos’d  to  the  open  air. 

In  evacuating  the  receiver,  the  water,  in  the  pipe,  defeended  about  a 
quarter  of  an  inch;  and  this  upon  two  or  three  repeated  trials;  which 
feem’d  to  argue,  that  there  was  no  heat  produced  in  the  receiver,  upon  the 
exfu&ion  of  the  air:  for  even  a little  heat  would  probably,  have  been  dif- 
cover’d  by  that  weather- glafs;  fince,  by  the  bare  application  of  my  hand 
to  the  outfide  of  the  receiver,  the  warmth,  after  fome  time,  having  been 
propagated  thro’  both  the  glades,  and  the  interval  betwixt  them,  to  the 
imprifon’d  air,  fo  rarify’d  it,  that,  by  prefling  upon  the  fubjacent  water, 
it  imped’d  that  in  the  pipe  much  higher  than  it  had  fallen  downwards,  upon 
the  exfu&ion  of  the  air. 

Yet  we  do  not  hence  conclude,  that  in  the  cavity  of  the  receiver  the  cold 
was  greater  after  the  extraction  of  the  air,  than  before. 

If  it  be  demanded,  what  then  could  caufe  the  water  to  fubfide;  we  an- 
fwer,  that,  probably,  it  was  the  ftretching  of  the  glafs-egg,  which,  upon 
the  exfu&ion  of  the  ambient  air,  was  unable  to  refill,  as  formerly,  the  pref- 
fure  of  the  included  air,  and  of  the  atmofphere,  which,  by  the  interven- 
tion of  the  water,  prefs’d  upon  its  concave  furface.  This  feems  probable, 
as  well  from  the  experiment  about  breaking  a glafs,  by  the  force  of  the 
atmofphere,  as  becaufe,  when  by  drawing  the  air  out  of  the  receiver,  the 
water  in  the  pipe,  was  fubfided,  upon  the  re-admifiion  of  the  external  air* 
to  prefs  againft  the  convex  furface  of  the  egg,  the  water  was  prefently  re- 
impell’d  to  its  formerly  height : for,  if  a glafs-egg  be  blown  exceeding  thin, 
and  afterwards  broken,  you  may,  by  degrees,  confiderably  bend  fome  nar- 
row parts  of  it;  and  upon  the  removal  of  what  kept  it  bent,  it  will  readily 
recover  its  former  (late.  From  our  experiment,  then,  it  appears  either  that 
there  fucceeds  no  body  in  the  room  of  the  air  drawn  out  of  the  receiver  ; or, 
that  every  fubftance  is  not  fubtile  enough,  readily  to  pafs  the  pores  of 
glafs  tho’  always  fufficiently  agitated  to  produce  heat,  wherever  it  is  found 
in  plenty.  So  that  if  we  admit  no  vacuum,  this  experiment  requires  us  to 
allow  a great  difparity,  either  as  to  bulk,  or  agitation,  or  both,  betwixt 
fome  parts  of  the  astherial  fubftance,  and  thofe  which,  here  below,  pro- 
duce heat  and  fire. 

We  try’d,  alfo,  what  operation  the  extraction  of  the  air  would  have 
upon  camphire  ; which  confifls  of  fuch  volatile  parts,  that  they  will  ex- 
hale without  any  greater  agitation,  than  that  of  the  open  air.  But  we  found 
not,  that  even  this  loofe  body,  was  fenfibly  alter’d  thereby. 

40.  We  convey’d  a large  flefh-fly  into  a fmall  receiver ; and,  at  another 
time,  lhutinto  a great  receiver,  a humming- bee,  that  appear’d  ftrong 
and  lively  ; we  alfo  procured  a white  butter- fly,  and  inclofed  it  in  a fmall 
receiver ; where,  though  at  firft,  he  fluttered  about,  yet,  prefently, 
upon  the  exfuClion  of  the  air,  he  fell  down,  as  in  a fwoon  ; retaining  no 
other  motion,  than  fome  little  trembling  of  the  wings.  The  fly,  after  fome 
exfuCtions  of  the  air,  dropp’d  down  from  the  fide  of  the  glafs,  whereon  fhe 
2 was 
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was  walking:  but,  that  the  experiment  of  the  bee  might  be  more  infini- 
tive, we  convey’d  in  with. her  a bundle  of  flowers,  which  remain’d  fuf- 
pended  by  a firing,  near  the  upper-part  of  the  receiver;  and  having  pro- 
voked the  bee,  we  excited  her  to  fly  up  and  down  the  veflel,  till,  at  length, 
fhe  lighted  upon  the  flowers,  when  we  prefently  began  to  draw  out  the 
air,  and  obferv’d,  that  tho’,  for  fome  time,  fhe  feem’d  to  take  no  notice 
of  it,  yet,  within  a while  after,  fhe  fell  down  from  the  flowers,  without 
making  any  ufe  of  her  wings. 

41.  To  fatisfy  ourfelves,  in  fome  meafure,  why  refpiration  is  fo  ne- 
ceflary  to  the  animals,  that  nature  hath  furnifh’d  with  lungs,  we  took  a 
Jark,  one  of  whofe  wings  had  been  broken  by  a fhot;  but,  notwithflanding 
this  hurt,  the  bird  was  very  lively;  and  put  her  into  the  receiver,  where- 
in fhe,  feveral  times,  fprung  up  to  a confiderable  height.  The  veflel  being 
carefully  clofed,  the  pump  was  diligently  ply ’d,  and  the  bird,  for  a while, 
appear’d  lively  enough ; but,  upon  a greater  exfu&ion  of  the  air,  fhe  began 
manifeftly  to  droop,  and  appear  fick  ; and,  very  loon  after,  was  taken 
with  as  violent  and  irregular  convulfions,  as  are  obferv’d  in  poultry, 
when  their  heads  are  wrung  off,  and  died  ; (tho’  when  thefe  convulfions 
appear’d,  we  Jet  in  the  air,)  with  her  breaft  upward,  her  head  down- 
ward, and  her  neck  awry ; and  this  within  ten  minutes,  part  of  which 
time  had  been  employ’d  in  cementing  the  cover  to  the  receiver.  Soon 
after  we  put  a lively  hen-fparrow,  which  was  not  at  all  hurt,  into 
the  receiver;  and  profecuting  the  experiment,  as  with  the  former,  fhe  ap- 
pear’d to  be  dead  within  feven  minutes;  one  of  which  was  employ’d  in 
cementing  on  the  cover:  but,  upon  fuddenly  turning  the  key,  the  frefii 
air,  flowing  in,  began  flowly  to  revive  her  ; fo  that,  after  fome  pantings, 
fhe  open’d  her  eyes,  and  regain’d  her  feet,  and,  in  about  a quarter  of  an 
hour  after,  attempted  to  efcape  at  the  top  of  the  glafs,  which  had  been 
unftopp’d  to  let  in  the  air  upon  her:  but  the  receiver  being  clos’d  the  fecond 
time,  fhe  died,  violently  convuls’d,  within  five  minutsfrom  thefirtt  ftroke 
of  the  pump. 

Then  we  put  in  amoufe,  newly  caught,  and, whilft  he  was  leaping  up  very 
high  in  the  receiver,  we  fatten’d  the  cover  to  it ; expecting  that  an  ani- 
mal ufed  to  live  with  very  little  frefh  air,  would  endure  the  want  of  it 
better  than  the  birds ; but  tho’,  for  a while  after  the  pump  was  fet  on 
work,  he  continu’d  leaping  up,  as  before;  yet  ’twas  not  long  e’er  he  be- 
gan to  appear  fick,  giddy,  and  toftagger;  after  which,  he  fell  down  as 
dead,  but  without  fuch  violent  convulfions  as  the  birds  had:  when, 
haftily  letting  in  fome  frefh  air  upon  him,  he  recover’d  his  fenfes,  and  his 
feet,  but  feem’d  to  continue  weak  and  fick  ; at  length,  growing  able  to 
fkip,  as  formerly,  the  pump  was  ply’d  again,  for  eight  minutes  ; a- 
bout  the  middle  of  which  fpace,  a very  little  air,  by  mifchance,  got  in  at 
theftop-cock;  and  about  two  minutes  after  that,  the  moufe,  feveral 
times  leap’d  up  lively  ; tho’,  in  two  minutes  more,  he  fell  down  quite 
dead  ; yet  with  convulfions  far  milder  than  thofe  wherewith  the  birds  ex~ 
pired.  This  alacrity,  fo  little  before  his  death,  and  his  not  dying  fooner 
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Pneumatics  than  at  the  end  of  the  eighth  minute,  feem’d  owing  to  the  air  that  pafs’d 
into  the  receiver:  for,  the  firft  time,  the  convtilfion  feiz’d  him,  in  fix  mi- 
nutes after  the  pump  began  to  be  work’d.  Thefe  experiments  feem’d 
the  more  ftrange,  becaufe,  during  a great  part  of  thofe  few  minutes,  the 
engine  could  but  inconfiderably  rarity  the  air,  and  that  too  by  degrees  •, 
and  at  the  end  thereof,  there  remain’d  in  the  receiver,  a large  quantity 
for,  as  we  formerly  faid,  we  could  not  draw  down  water  in  a tube,  with- 
in much  lefs  than  a foot  of  the  bottom.  And,  by  the  exfudlion  of  the  air, 
and  interfperfed  vacuities,  there  was  left  in  the  receiver,  a fpace  fome 
hundreds  of  times  exceeding  the  magnitude  of  the  animal,  to  receive  the 
fuliginous  fleams,  from  which,  expiration  difcharges  the  lungs,  and  which, 
in  the  other  cafes,  may  be  fufpe&ed,  for  want  of  room,  to  ftifle  thofe  ani-  • 
mals  that  are  clofely  pent  up  in  too  narrow  receptacles. 

Having  caufed  thefe  three  creatures  to  be  open’d,  I could  difcover  little 
of  what  we  fought  for,  and  might  poffibly  have  found  in  larger  animals: 
for  tho’ the  lungs  of  the  birds  appear’d  very  red,  and,  as  it  were,  infla- 
med *,  yet  that  colour  is  ufual  in  the  lungs  of  fuch  winged  animals  : but 
in  almofl  all  the  deftru&ive  experiments,  made  in  our  engine,  the  animals 
appear’d  to  die  with  violent  convulfive  motions.  From  whence,  whether 
phyficians  can  deduce  any  thing  towards  the  difeovery  of  the  nature  of  con- 
vulfive diftempers,  I leave  to  them  to  confider. 

And,  to  obviate  objections,  and  remove  fcruples,  about  the  fuliginous 
fleams  of  pent  up  animals,  * r-  fjppofed  to  kill  them  ; we  fhut  up 
another  moufe,  asclofeas;.  in  the  receiver,  where  it  liv’d  about 

three  quarters  of  an  hou>- : <*ud  might,  probably,  have  done  fo,  much 
longer,  had  net  a perfon  oi  quality  defil’d  to  fee  whether  the  moufe  could 
be  kill’d  by  the  exfudlion  of  the  ambient  air.  Upon  this,  we  open’d,  for 
a while,  an  intercom  fe  betwixt  the  air  in  the  receiver  and  that  without, 
whereby  the  moufe  might  berefrefh’d,  tho’  withoutuncementing  the  cover 
at  the  top  ; to  avoid  the  objedlion  that,  perhaps,  the  veflel  was  more 
clofely  flopp’d  for  the  exfudtion  of  the  air  than  before. 

The  event  was,  that  after  the  moufe  had  Jiv’d  ten  minures,  the  pump 
being  a little  out  of  order,  he  died  with  convulfive  motions  ; wherein  he 
made  two  or  three  bounds  into  the  air,  before  he  fell  down  dead. 

I aifo  caufed  a moufe,  that  was  very  hungry,  to  be  fhut  up  all  night 
into  a well-clofed  receiver,  with  a bed  of  paper  for  him  to  reft  on  ; and 
caus’d  the  engine  to  be  placed  by  the  fire-fide,  to  keep  him  from  being  de- 
ftroy’d  by  the  immoderate  cold  of  a frofty  night ; and,  the  next  morning, 
1 found  that  h .*  had  devour’d  a large  part  of  the  cheefe  that  had  been  put 
up  with  him.  And  having  thus  kept  him  alive  full  twelve  hours,  we,  by 
fucking  out  part  of  the  air,  brought  him  to  droop,  and  to  appear  fwell’d  ; 
but,  by  letting  it  in  again,  we  foon  reduc’d  him  to  his  former  livelinefs. 

The  nature  of  It  may  be  here  expe&ed,  I ftiould  attempt  to  clear  the  nature  of  refpi- 
ration  ; but  I pretend  to  go  no  farther  in  it  than  our  engine  leads  me. 

’Tis  aliedged  by  thofe  who  would  have  the  Jungs  rather  pafiive  than 
aftive,  in  refpiration,  that  as  the  lungs,  being  deflitute  of  mufcles  and 
2 fibres, 
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fibres,  are  unfit  to  dilate  themfelves  ; fo,  without  the  motion  of  the  tho- pNEUVATrcs 
rax,  they  would  not  be  fill’d  with  air:  fince,  as  Dr.  Higmore  hath  well  ob- 
ferv’d,  if  a live  dog  hath  a great  wound  made  in  his  cheft,  the  lobes  of 
the  lungs,  on  that  fide  of  the  mediaftinum,  will  collapfe  and  lie.flill; 
whilft  the  thorax,  and  the  lobes  on  the  other  fide  of  the  mediaftinum,  con- 
tinue their  former  motion.  And  if,  at  once,  the  mufcles  of  the  cheft  be 
on  both  fides  difiedted  ; upon  the  ingrefs  of  the  air,  the  whole  lungs,  tho’ 
untouch’d,  will  remain  without  motion,  at  leafb  as  to  any  expansion,  or 
contraction  of  their  fubftance. 

And  Bartboline  affirms,  that  ifthe  diaphragm  be  wounded,  the  lungs  will 
fall  together,  and  refpiration  ceafe*,  which  appears  to  be  true,  provided  the 
wound  be  large.  And,  indeed,  the  diaphragm  feems  the  principal  inftru- 
ment  of  ordinary  refpiration  ; tho’  the  intercoftal  mufcles,  and,  perhaps, 
fome  others,  may  be  allow’d  eminently  to  concur  in  extraordinary  cafes. 

But  it  is  not  yet  decided,  what  conveys  air  into  the  lungs  *,  for  ’tis  demand- 
ed, what  fhould  bring  the  air  into  the  lungs,  if  they  do  not  attradl  it? 

To  this  queftion,  fome  of  the  befl  modern  philofophers  anfwer,  that,  by 
the  dilatation  of  the  cheft,  the  contiguous  air  is  thruft  away  *,  and  that 
prefting  upon  the  next  air  to  it,  and  fo  onwards,  the  propul  lion  is  conti- 
nued, till  the  air  be  drawn  into  the  lungs,  and  fo  dilates  them.  It  is 
again  objected  by  Bartboline , that,  according  to  this  dodtrine,  a man 
could  not  fetch  his  breath  from  a great  vefiel,  with  a {lender  neck,  full  of 
air ; becaufe,  when  his  mouth  covers  the  orifice  of  the  neck,  the  dilatar 
ticn  of  his  thorax  could  not  propei  the  air  of  the  vefiel  into  his  lungs ; being 
feparated  by  the  inclofing  vefiel,  from  the  ambient  air:  and  yet,  it  will  be 
faid,  experience  witnefieth,  thatoutof  fucha  vefiel  a man  may  fuck  air.  But 
this  difficulty  our  engine  can  eafily  folve  ; fince  many  of  the  preceding  ex- 
periments fhew,  that,  in  this  cafe,  there  needs  no  propulfion  of  the  air, 
by  the  fwelling  thorax,  or  abdomen,  into  the  lungs:  fince,  upon  the  bare 
dilatation  of  the  thorax,  the  fpring  of  that  internal  air,  which  pofiefies  as 
much  of  the  cavity  of  the  cheft,  as  the  lungs  fill  not,  being  much  weak- 
en’d, the  external  and  contiguous  air,  muft  necefiarily  prefs  thro’  the  open 
wind-pipe  into  the  lungs,  as  finding  there  the  leaft  refinance. 

And  hence,  by  the  way,  we  are  affifted  to  judge  of  that  famous  contro- 
verfy,  among  naturalifts  and  phyficians,  ever  fince  the  time  of  Galen  \ 
fome  maintaining  that  the  cheft  with  the  contain’d  lungs  refembles  a pair 
of  bellows,  which  are  therefore  fill’d,  becaufe  dilated:  and  others  plead- 
ing that  the  comparifon  fhould  be  made  with  a bladder,  which  is  there- 
fore dilated,  becaufe  it  is  fill’d.  For,  as  to  the  thorax,  it  feems  evidently 
like  a pair  of  bellows,  to  be  partly  fill’d  with  air,  becaufe  it  was  dilated ; 
but  as  for  the  lungs,  which  want  fibres  to  diftend  them,  they  may  fitly 
be  compared  to  a bladder  •>  fince  they  are  dilated,  by  being  fill’d  with  that 
air  which  rufheth  into  them,  upon  the  dilatation  of  the  cheft,  in  the  cavity 
whereof,  it  finds  lefs  refiftance  to  its  fpring  than  elfewhere.  And  this 
calls  to  mind  that  ftrange  obfervationof  Nicholaus  Font  anus  > a phyfician  at 
Amfterdam , who  declares,  that,  in  a boy  of  the  fame  city,  four  years  old, 

there 
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there  was  found,  inftead  of  lungs,  a certain  membranous  bladder,  which, 
being  fill’d  with  air,  and  furnifh’d  with  little  veins,  had  its  origin  from 
the  wind-pipe.  This  being  fuppofed  true,  I leave  it  to  be  confider’d,  how 
well  it  will  agree  with  moft  of  the  opinions,  as  to  refpiration. 

And  thus  may  the  grand  objection  of  Bartholiney  and  others,  be  an- 
swer’d •,  but  I leave  anatomifts  to  confider  what  is  to  be  faid  to  fome  obser- 
vations, that  feem  to  contradict  thofe  anatomical  experiments  above-men- 
•tion’d:  fuch  was,  particularly,  that  in  Sennertus,  of  a melancholy  ftudent, 
who,  having  ftabb’d  himfelf,  and  pierc’d  the  diaphragm  in  the  tendinous 
part,  lived  Seven  months  after  the  wound  was  made  ; but,  dying  at  length, 
it  appear’d  fo  great,  being,  perhaps,  dilated  by  his  (training  to  vomit, 
that  the  whole  (tomach  was  found  to  have  got  by  it  into  the  left  fide  of 
the  thorax.  And  fuch  alfo  was  the  accident  which  happen’d  to  a noble- 
man whom  I have  feen,  and  who  is  yet  alive  ; in  whofe  cheft,  there  hath, 
for  thefe  many  years,  remain’d  a hole  fo  great,  that  the  motion  of  his 
heart  may  be  perceiv’d  thro*  it.  An  ingenious  conjecture  hath  been  made, 
at  the  caufe  of  the  fudden  death  of  animals  in  the  exhaufled  receiver  ; 
which  fuppofes  it  to  be,  not  the  want  of  air  thatdeftroys  them,  but  the 
preflure  of  that  in  the  cavity  of  the  cheft;  as  if  the  fpring  thereof,  being 
,110  longer  balanced  by  the  ambient  air,  thereby  becomes  fo  ftrong,  as  to 
keep  the  thorax  forcibly  diftended,  hinder  its  wonted  contraction,  and  fo 
comprefs  the  lungs  and  their  vefiels,  as  to  obftruCt  the  circulation  of  the 
blood.  But  JVallceus  relates,  that  he  often  obferv’d,  in  the  difleCtion  of 
live  bodies,  the  membrane  which  inverts  the  lungs,  had  pores  in  it, 
as  big  as  the  larger  fort  of  peas:  which  agrees  with  the  obfervations  of 
chirurgeonsand  phyficians,  that  matter,  collected  in  the  thorax,  hath  pe- 
netrated into  the  lungs,  and  been  difcharged  by  coughing.  And  moft  of 
the  animals,  kill’d  in  our  engine,  were  birds;  whofe  lungs.  Dr.  has 

obferv’d,  very  manifeftly  to  open,  at  their  extremities,  into  the  abdomen: 
and,  by  fuch  perforations,  we  may  well  fuppofe  the  pafiage  free,  betwixt 
the  external  air,  and  that  in  the  abdomen.  Befides,  to  (hew  that  the  ani- 
mals, which  expired  in  our  glafies,  need  not  be  fuppofed  to  have  been  kill’d 
by  the  want  of  air  ; we  forefee  another  argument  which  ought  not  to  be 
conceal’d.  The  poflibility  of  a vacuum  is  frequently  deny’d  ; and  the 
fipaces  void  of  air,  and  other  grofter  bodies  are,  all  of  them,  fuppofed 
exa&ly  replenilhed  with  a certain  ethereal  matter,  fothin  and  fubtile,  that 
k can  freely  penetrate  the  pores  of  the  moft  compaCt,  and  clofe  bodies, 
even  glafs  itfelf.  Hence  it  may  be  faid,  that  the  animals  included  in  our 
receiver,  died  not  fo  much  for  want  of  air,  as  becaufe  the  air  pumped 
out,  was  necefiarily  fucceeded  by  an  ethereal  fubftance,  which,  confiding 
of  parts  vehemently  agitated,  and  fo  very  fmalJ,  as,  without  reliftance^ 
to  pafs  in  and  out,  thro*  the  pores  of  glafs ; a confiderable  quantity  of  this 
reftlefs  matter,  meeting  together  in  the  receiver,  may  be  quickly  able,  by 
the  exceftive  heat  of  it,  to  deftroy  a little  animal,  or,  at  lead,  make  the 
air  too  hot  to  be  fit  for  refpiration. 


But 


P hyfico- mechanical  Experiments. 

But  we  have  already  anfwer''d  this  obje&ion,  by  the  late  experiments  *,  p 
which  fhew  no  heat  .to  be  generated  in  our  exhaufted  receiver. 

It  might,  alfo,  Teem  probable,  that,  upon  the  fudden  removal  of  the 
wonted  preflure  of  the  ambient  air,  the  warm  blood  of  our  animals  was  fo 
vehemently  expanded,  as  to  difturb  the  circulation,  and  fo  diforder  the 
whole  ceconomy  of  the  body  *,  did  fuch  animals,  alone,  as  are  of  a hot 
conftitution,  lofe  their  lives  in  the  exhaufted  engine.  But  as  to  the  ufe  of 
air,  in  refpiration,  ’tis  known  to  ferve  in  the  production  and  modulation 
of  the  voice  ; the  expulfion  of  excrements,  by  coughing  ; the  conveying 
in  of  odours,  by  infpiration,  &c.  which  are  rather  convenient  for  the  well- 
being of  an  animal,  than  neceflary  to  life.  Hippocrates  fays,  of  the  air  in 
animals  endow’d  with  lungs,  that  “ tis  the  caufe  both  of  life,  and  difeafes ; 

46  that  ’tis  fo  neceflary,  a man  cannot  live  part  of  a day  without  it ; and 
4C  that  refpiration,  alone,  is  the  aCtion  which  can  never  be  lufpended.” 
But,  as  to  the  reafon  why  the  infpiration,  and  expiration  of  air,  are  fo 
very  neceflary  to  life,  both  naturalifts,  and  phyficians,  differ  fo  widely, 
that  it  will  be  very  difficult,  either  to  reconcile  their  opinions,  or  deter- 
mine their  controverfies. 

Many  fuppofe  the  chief  ufe  of  refpiration,  is  to  cool  and  temper  that 
heat  in  the  heart  and  blood,  which  would,  otherwife,  be  immoderate. 
They,  alfo,  fuppofe,  that  the  air  is  neceflary,  by  its  coldnefs,  to  con- 
denfe  the  blood  that  pafleth  out  of  the  right  ventricle  of  the  heart  into 
the  lungs  *,  whereby  it  may  gain  fuch  a confidence,  as  is  requifite  to 
make  it  fit  fewel  for  the  vital  flame  in  the  left  ventricle  of  the  heart.  And 
indeed,  fifh,  and  other  cold  creatures,  whofe  hearts  have  but  one  cavity, 
are  unprovided  of  lungs.  But,  tho’,  poflibly,  the  air  infpir’d,  may,  fome- 
times,  be  of  ufe  in  refrigerating  the  heart ; yet,  it  may  be  objected,  that 
leveral  cold  creatures,  as,  particularly  frogs,  ftand  in  need  of  refpiration  ; 
which  feems  unneceflary  for  refrigeration  to  them,  who  are  deftitute  of 
any  fenftble  heat,  and  live  in  the  cold  water  *,  that  even  decripid  old  men, 
whofe  natural  heat  is  very  languid,  and  almoft  extinguifh’d,  have,  yet,  a 
neceflity  of  frequent  refpiration  ; that  a temperate  air,  is  fitted  for  the  ge- 
nerality of  breathing  creatures  •,  and  as  an  air  too  hot,  fo  alfo,  an  air  too 
cold,  may  be  inconvenient  for  them  ; that  in  fome  difeafes,  the  natural 
heat  is  fo  weaken’d,  that  were  the  ufe  of  refpiration  to  cool,  it  would  be 
more  hurtful  than  beneficial,  &c.  Thefe,  and  other  objections,  might  be 
oppos’d,  and  prefs’d,  againft  the  recited  opinion  ; but,  we  fhall  only  add, 
that  it  appears  not,  by  our  foregoing  experiments,  in  the  exhaufted  recei- 
ver, where  animals  die  fo  fuddenly,  for  want  of  refpiration,  that  the  am- 
bient body  is  fenfibly  hotter  than  the  common  air. 

Others  will  have  the  very  fubftance  of  the  air  to  get,  by  the  vefiels  of 
the  lungs,  to  the  left  ventricle  of  the  heart,  not  only  to  temper  its  heat, 
but  to  provide  for  the  generation  of  fpirits.  And  thefe  alledge  the  autho- 
rity of  the  ancients,  among  whom,  Hippocrates  feems,  manifeftly,  to  fa- 
vour their  opinion  ; and  both  Ariftotle  and  Galen  fometimes  appear  incli- 
nable to  it.  But,  it  feems  very  difficult  to  fhew,  how  the  air  is  convey’d 
V o l.  II.  O o o into 
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pneumatics  into  the  left  ventricle  of  the  heart  ; efpecially,  fince  the  fyflole  and  diaflole 
of  the  heart  and  lungs  are  very  far  from  fynchronal  ; befides,  the  fpirits 
appearing  to  be,  but  the  mod  fubtile  and  unftuous  particles  of  the  blood, 
feem  of  a very  different  nature  from  that  of  dry  incombuftible  corpufcles 
of  air. 

Another  opinion  of  refpiration  makes  the  genuine  ufe  of  it  to  be  the 
ventilation  of  the  blood,  in  its  paflage  thro*  the  lungs ; whereby  it  is  dif- 
burthen’d  of  thofe  excrementitious  fleams,  proceeding,  for  the  mod  part, 
from  the  fuperfluous  ferofities  of  the  blood  and  chyle.  But,  this  hypothe- 
ds  may  be  explain’d  two  ways.  For  the  neceffuy  of  air  in  refpiration, 
may  be  fuppos’d  to  proceed  from  hence  ; that,  as  a flame  cannot  long  fub- 
fifl  in  a narrow  and  clofe  place,  becaufe  the  fuliginous  fleams,  it  continu- 
ally throws  out,  cannot  be  long  receiv’d  into  the  ambient  body,  which, 
after  a while,  growing  too  full  of  them,  to  admit  any  more,  flifles  it;  fo 
the  vital  fire  in  the  heart  requires  an  ambient  body  of  a yielding  nature, 
to  receive  into  it  the  fuperfluous  ferofities,  and  other  recrements  of  the 
blood  ; the  feafonable  expulfion  whereof,  is  requifite  to  depurate  the  mafs, 
and  make  it  fit,  both  to  circulate,  and  to  maintain  the  vital  heat  redding 
in  the  heart.  The  other  way,  is,  by  fuppofing,  that  the  air  doth,  not  only 
as  a receptacle,  admit  into  its  interdices  the  excrementitious  vapours  of  the 
blood,  when  they  are  expell’d  thro’  the  wind- pipe  ; but  alfo  conveys  them 
out  of  the  lungs  ; becaufe  the  infpired  air,  reaching  to  all  the  ends  of  the 
Afpera  Arteria , there  affociates  itfelf  with  the  exhalations  of  the  circulating 
blood  ; and  when  it  is  exploded,  carries  them  away  with  itfelf,  as  winds 
fpeedily  dry  up  the  furfaces  of  wet  bodies. 

Now,  to  the  firfl  of  thefe  two  ways,  our  engine  affords  us  this  obje- 
ction ; that  upon  the  exfu&ion  of  the  air,  the  animals  die  a great  deal 
fooner,  than  if  it  were  left  in  the  veffel  ; though,  by  that  exfuClion,  the 
ambient  fpace  is  left  much  more  free  to  receive  the  fleams,  that  are  either 
breath’d  out  of  the  lungs  of  the  animal,  or  difcharg’d  by  infenfible  tran- 
fpiration. 

But,  if  the  hypotheds  be  taken  in  the  other  fenfe,  it  feems  agreeable  to 
that  grand  obfervation,  which  the  phenomena  of  our  engine,  and  the  re- 
lations of  travellers  fuggeft,  that  there  is  a certain  confidence  of  air  re- 
quifite to  refpiration  ; fo  chat,  if  it  be  too  thick,  and  already  over-charg’d 
with  vapours,  it  will  be  unfit  to  unite  with,  and  carry  off  thofe  of  the 
blood  ; as  water  will  diffolve,  and  affociate,  but  a certain  proportion  of 
faline  particles  ; and,  if  it  be  too  thin,  the  number  or  fize  of  the  aerial 
particles  is  too  fmall  to  receive,  and  carry  off  the  excrements  of  the  blood 
in  due  quantity. 

Now,  that  air  too  much  thicken’d  with  fleams,  is  unfit  for  refpiration, 
appears  by  what  happens  in  the  lead-mines  of  Devon/hire , and,  perhaps, 
of  fome  other  countries ; for,  I am  credibly  inform’d,  that  damps  often 
rife  here,  which  fo  thicken  the  air,  as  fuddenly  to  ftifle  the  workmen. 
And,  that  this  proceeds,  not  from  any  arfenical,  or  poifonous  exhalation 
contain’d  in  the  damp  ; but,  from  too  great  a condenfation  of  the  air ; 
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Teems  probable,  becaufe  it  often  leifurely  extinguifhes  the  flames  of  their 
candles,  or  lamps ; and  alfo,  becaufe  in  thofe  cellars,  where  large  quanti- 
ties of  new  wine  are  fet  to  work,  men  have  been  fuftocated  by  the  fleams 
exhaling  from  the  muft,  and  too  much  thickning  the  air  •,  for  this  reafon, 
in  fome  hot  countries,  thofe  who  have  occafion  to  go  into  fuch  cellars, 
carry  with  them  a quantity  of  well-kindled  coals,  which  they  hold  near 
their  faces,  whereby  the  fumes  being  diflipated,  and  the  air  rarified,  the 
ambient  body  is  reduc’d  to  a confidence  fit  for  refpiratiom 

And,  by  way  of  confirmation  hereof,  we  may  add,  that  in  a fmall  re- 
ceiver we  carefully  clos’d  a bird,  which,  tho*  for  a quarter  of  an  hour,  he 
feem’d  not  much  prejudic’d,  by  the  clofenefs  of  his  prifon,  he,  afterwards, 
began  to  pant  vehemently,  keep  his  bill  open,  and  appear  very  fick  ; and 
at  length,  after  fome  long  and  violent  drainings,  he  caft  up  a little  matter 
out  of  his  ftomach  ; and  this  he  did  feveral  times,  till  growing  fo  fick, 
that  he  dagger’d,  and  gafp’d,  and  was  ready  to  expire.  Now,  we  percei- 
ved, that  within  three  quarters  of  an  hour,  from  the  time  he  was  put  in, 
he  had  fo  thicken’d,  and  tainted  the  air,  with  the  fleams  of  his  body,  that 
it  was  become  altogether  unfit  for  the  ufe  of  refpiration  which  is  no 
wonder,  fince,  according  to  Sanfilorius , that  part  of  our  aliment,  which 
goes  off  by  infenfible  perfpiration,  exceeds,  in  weight,  all  the  viflble,  and 
groflfer  excrements,  both  folid,  and  liquid. 

That  air  too  much  dilated,  is  unfit  for  refpiration,  the  fudden  death  of 
animals  kill’d  in  our  exhaufted  receiver,  diffidently  manifefts.  And  it 
may  well  be  doubted,  whether  if  a man  were  rais’d  to  the  very  top  of  the 
atmofphere,  he  would  be  able  to  live  there  many  minutes.  Jofephus  Acofta 
tells  us,  that  when  he  himfelf  pafs’d  the  high  mountains  of  Peru , to  which, 
he  fays,  the  Alps  feem’d  but  as  ordinary  houfes,  compar’d  with  high  tow- 
ers *,  he  and  his  companions  were  furpriz’d  with  extreme  pangs  of  drain- 
ing, and  vomiting  blood,  and  with  fo  violent  a diftemper,  that  he  con- 
cludes, he  fhould  undoubtedly  have  died,  but,  that  this  lafted  not  above 
three  or  four  hours,  before  they  came  into  a more  natural  temperature  of 
air.  Our  author  adds,  that  he  is  therefore  perfuaded,  “ the  element  of  the 
“ air  is  there  fo  fubtile  and  delicate,  as  to  be  inconfiftent  with  the  refpira- 
“ tion  of  man,  which  requires  a more  grofs  and  temperate  air.” 

But,  perhaps,  the  air  doth  fomething  more, than  barely  help  to  carry  off 
what  is  thrown  out  of  the  blood,  in  its  paffage  thro’  the  lungs,  from  the 
Tight  ventricle  of  the  heart  to  the  left.  For  in  phlegmatic  conftitutions, 
and  difeafes,  the  blood  will  circulate  tolerably  well,  notwithftanding  its 
being  exceffively  ferous ; and  in  afthmatical  cafes,  tho’  the  lungs  be  great- 
ly fluff’d  with  vifeid  phlegm,  yet  the  patient  may  live  for  fome  years  ; 
whence  it  is  fcarce  probable,  that  either  the  detention  of  the  fuperfluous 
ferum  of  the  blood,  for  a few  moments  in  the  lungs,  fhould  be  able  to  kill 
a perfectly  found  and  lively  animal  *,  for  we  commonly  found,  upon  re- 
peated trials,  in  a fmall  receiver,  that,  within  half  a minute,  a bird  would 
be  furpriz’d  by  mortal  convulfions,  and  within  a minute  more,  would  die, 
beyond  a poffibility  of  recovery  from  the  air,  tho’  never  fo  haftily  let  in, 
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Pneumatics  And,  what  (hews  it  was  not  the  clofenefs  of  the  veflel,  but  the  hidden  ex- 
fu&ion  of  the  air,  that  kill’d  thofe  creatures  fo  foon  *,  we  once  inclos’d  a 
bird  in  a fmall  receiver,  where,  for  a while,  he  eat  very  chearfully  fome 
feeds  that  we  convey’d  in  with  him  ; and  not  only  liv’d  ten  minutes,  but 
had,  probably,  furviv’d  much  longer,  tho’  he  had  not  been  refcu’d.  Ano- 
ther bird  being,  within  half  a minute,  call  into  violent  convulfions,  upon 
the  exfu&ion  of  the  air  *,  we  haftily  turn’d  the  hop-cock,  to  let  it  in  again, 
whereby  the  gafping  animal  was  prefently  recover’d.  And  at  another 
time,  we,  at  night,  fhut  up  a bird  in  one  of  our  fmall  receivers,  and  ob- 
ferv’d,  that,  for  a while,  he  was  fo  infenfible  of  the  alteration  of  the  air, 
that  he  fell  afleep,  with  his  head  under  his  wing  *,  and  tho’  he  afterwards 
awak’d  fick,  yet  he  continu’d  upon  his  legs  for  above  40  minutes  ; and 
then  feeming  ready  to  expire,  we  took  him  out,  and  foon  found  him  lively. 
Upon  the  whole,  there  appears  reafon  to  fufpeft,  that  there  is  fome  ufe  of 
the  air,  which  we  do  not  yet  thoroughly  underftand,  that  makes  it  fo  ne- 
ceflury  to  the  life  of  animals. 

Paracelfus  indeed  tells  us,  that  cc  as  the  ftomach  concods  the  aliment, 
“ and  makes  part  of  it  ufeful  to  the  body,  rejeding  the  other  •,  fo  the 
cc  lungs  confume  part  of  the  air,  and  rejed  the  reft.”  Whence,  accord- 
ing to  him,  we  may  fuppofe  a little  vital  quinteffence  in  the  air,  which 
ferves  to  refrefh  and  reftore  our  vital  fpirits  ; for  which  purpofe,  the  grof- 
fer,  and  fir  greater  part  of  the  air,  being  unferviceable,  it  is  not  ftrange 
that  an  animal  fhould  inceffantly  require  lrefh  air.  This  opinion  indeed 
is  not  abfurd,  but  it  requires  to  be  explain’d  and  prov’d  ; befides,  fome 
objedions  may  be  made  to  it,  from  what  has  been  already  argu’d  againft 
the  tranfmutation  of  air  into  vital  fpirits.  Nor  is  it  probable,  that  the  bare 
want  of  the  generation  of  the  ufual  quantity  of  vital  fpirits,  for  lefs  than  one 
minute,  fhould  be  able  to  kill  a lively  animal,  v/ithout  the  help  of  any  ex- 
ternal violence.  And,  upon  this  fuppofition,  Cornelius  Drebell , is  affirm’d, 
by  many  credible  perfons,  to  have  contriv’d  a veffel  to  be  row’d  under  wa- 
ter *,  for  Drebell  conceiv’d,  that  it  is  not  the  whole  body  of  the  air,  but  a 
certain  fpirituous  part  of  it,  that  fits  it  for  refpiration  ; which  being  fpent, 
the  remaining  groffer  body  of  the  air, is  unable  to  cherifh  the  vital  flame  re- 
fiding  in  the  heart.  So  that,  befides  the  mechanical  contrivance  of  his  boat, 
he  had  a chymical  liquor,  which,  by  unftopping  the  veflel  wherein  it  was 
contain’d,  the  fumes  of  it  would  fpeedily  rettore  to  the  air,  foul’d  by  refpi- 
ration, fuch  a proportion  of  vital  parts,  as  would  make  it  again  fit  for  that 
office  *,  and  having  made  it  my  bufinefs  to  learn  this  ftrange  liquor,  his  re- 
lations conflantly  affirm’d,  that  Drebell  would  never  difclofe  it,  but  to  one 
perfon,  who  himfelf  told  me  what  it  was.  I have  therefore  been  fometimes 
inclin’d  to  fuppofe,  the  air  necefiary  to  ventilate  and  cheriffi  the  vital 
flame,  which  fome  imagine  to  be  continually  burning  in  the  heart*,  for 
that,  in  our  engine,  the  flame  of  a lamp  will  vanifh  almoft  as  foon  after 
the  exfudtion  of  the  air,  as  the  life  of  an  animal.  We  have  made  a 
hard  body,  in  the  form  of  a clove,  but  twice  as  long,  and  proportionabiy 
thick,  of  fuch  a compofition,  that  if  it  be  kindled  at  the  upper  end,  it  will 
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moft  certainly  burn  away  to  the  bottom,  much  better  than  a match  : this 
we  often  convey’d,  kindled  at  the  upper  end,  into  a frnall  receiver  ; but 
fi ill  found,  that  tho’  prefently,  upon  the  exfudlion  of  the  air,  it  would 
leave  fmoking,  and  feem  quite  gone  out  •,  and  again  begin  Cj  fmoke,  as 
foon  as  the  air  was  let  in  upon  it  *,  yet  it  the  air  were  kept  out  but  four  or 
five  minutes,  the  fire  would  be  totally  and  irrecoverably  extinguifh’d.  And, 
conveying  a frnall  lamp  into  a large  receiver,  with  highly  rectified  fpiritof 
wine,  we  could  not,  upon  feveral  trials,  make  the  flame  lufi:  two  mi- 
nutes after  the  air  was  began  to  be  drawn  out.  This  latter  opinion,  how- 
ever, has  its  difficulties  : for  tho\  in  the  hearts  of  many  animals,  the  blood 
be  a warm  liquor,  and,  in  fome,  even  hot  *,  yet  it  is  hard  to  conceive  either 
how  the  air  can  get  thither;  or  how,  in  cafe  it  could,  it  fhould  increafe  the 
heat : fince,  however  the  air  may  increafe  the  heat  of  a coal,  .by  blowing 
off  the  afhes,  and  making  the  adlive  corpufcles  penetrate  farther  into  the 
kindled  body,  and  fhatter  it  the  more  ; yet  hot  liquors  have  their  heat  al- 
lay’d, by  air  blown  on  them.  And,  fince  fome  naturalifts  think  the  heat 
refiding  in  the  heart,  to  be  a true  flame,  but  temperate  as  the  flame  of  fpi- 
rit  of  wine  ; which  will  long  burn  upon  fine  linen,  or  paper,  without  con- 
fuming  them  ; I wifh  they  had  been  more  curious  to  make  different  trials 
with  that  liquor.  For  the  flame  of  highly  rectified  fpirit  of  wine  will 
not  only  conlume  paper,  and  linen  ; but  I have  ufed  it  in  lamps,  to  diflil 
liquors  out  of  tall  cucurbits,  and  found  that  it  gave,  at  lealt,  as  great  a 
heat  as  oil:  nay,  I have  readily  melted  crude  gold,  with  the  bare 
flame  of  this  fpirit. 

Dr.  Harvey  demands,  why  a foetus,  even  out  of  the  womb,  if  involv’d 
“ in  the  fecundines,  may  live,  fora  confiderable  time,  without  refpiration  t 
<c  yet,  if  after  having  once  began  to  breathe,  its  refpiration  be  flopp’d,  it 
<e  prefently  dies?”  We  pretend  not  to  folve  this  problem,  but  made  the 
following  experiment  with  a view  to  it.  We  caus’d  a bitch  to  be  firangled, 
that  was  almofl  ready  to  whelp  ; and  prefently  opening  her,  found  four 
puppies ; one  of  which  we  freed  from  the  coats  that  involv’d  him,  and 
from  the  liquor  wherein  he  fwam,  and  obferv’d,  that  he  quickly  open’d  his 
mouth  very  wide,  mov’d  his  tongue,  and  exercis’d  refpiration.  Then 
we  open’d  both  his  abdomen,  and  chefl,  and  cut  the  diaphragm  afunder ; 
notwithflanding  which,  he  feem’d  often  to  endeavour  at  refpiration,  and 
remarkably  mov’d  the  intercoflal  rnufcles,  part  of  the  diaphragm,  the 
mouth  and  tongue.  But  being  defirous  to  try  whether  the  other  young 
ones,  that  had  not  yet  breath’d  at  all,  would  long  furvive  this ; we  took 
them  out,  and  having  opened  them,  found  none  of  them  fo  much  alive  as 
to  have  any  perceptible  motion  in  their  hearts  ; whereas  the  heart  of  that 
which  had  once  enjoy’d  the  benefit  of  refpiration,  continued  its  motion  fo 
long,  that  we  obferved  the  auricle  to  contradl,  after  five  or  fix  hours  ; and 
it  continued  about  two  hours  longer. 

It  is  much  doubted,  whether  fiffi  breathe  under  water.  That  fuch  as  are 
not  of  the  whale  kind,  have  no  refpiration,  as  ’tis  exercifed  by  beafls  and 
birds,  may  be  argued  from  their  having  no  cavity  in  their  hearts,  and  from 
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pneumatic*  their  want  of  lungs,  whence  they  are  obferv’d  to  be  mute  ; unlefs  we  fay, 
that  their  gills  anfwer  to  lungs.  But  that  air  is  neceifary  even  to  the  lives 
of  fifh  ; and  that  therefore,  ’tis  probable,  they  have  fome  obfcure  kind 
of  refpiration,  feems  manifeft  from  obfervations,  and  experiments.  Several 
authors  tell  us,  that  fifh  foon  die  in  ponds,  and  glaffes  quite  fill’d  with 
water,  if  the  one  be  fo  frozen  over,  and  the  other  fo  clofely  flopp’d,  that 
they  cannot  enjoy  the  benefit  of  the  air.  And  our  engine  hath  taught  us, 
that  many  little  parcels  of  interfperfed  air  lurk  in  water  ; and  this,  per- 
haps, fifh  may  make  fome  ufe  of. 

Removing  a large  eel,  out  of  a vefTel  of  water,  into  our  great  receiver, 
we  caufed  the  air  to  be  evacuated,  and  obferv’d,  that  after  fome  motion 
in  the  glafs,  fhe  feem’d  fomewhat  difcompofcd,  and,  at  length,  turn’d  up 
her  belly,  and  afterwards  lay  altogether  movclefs,  as  if  quite  dead  ; but  up- 
on taking  her  out  of  the  receiver,  fhe/hew’d  herfelf  as  much  alive  as  before. 

But,  indeed,  a large  grey  houfe-fnail,  being  clos’d  up  in  one  of  our 
fmall  receivers,  neither  fell  down  from  the  fide  of  the  glafs,  upon  draw- 
ing out  the  air  ; nor  was  fo  much  as  depriv’d  of  progrefTive  motion 
thereby  : tho*,  except  this,  we  never  put  any  living  creature  into  our 
exhaufted  receiver,  but  what  gave  figns  of  death. 

Hippocrates , and  fome  learned  phyficians  of  late,  fuppofe,  that  a fcetus 
refpires  in  the  womb  ; but  it  feems  very  difficult  to  conceive  how  air 
fhould  traverfe  the  body  of  the  mother,  and  the  teguments  of  the  child: 
and  fince  nature  hath,  in  new-born  infants,  contrived  peculiar  temporary 
velfels,  that  the  blood  may  circulate  thro’  other  paffages,  than  it  does  in 
the  fame  individuals,  when  they  come  to  have  the  free  ufe  of  their  lungs, 
’tis  improbable  that  the  foetus  in  the  womb  fhould  properly  refpire  : but, 
then,  fince  our  experiments  have  man  i felted,  that  almost  all  kinds  of  liquors* 
as  well  as  water,  abound  with  interfperfed  corpufcles  of  air,  it  feems  not 
altogether  abfurd,  that  when  the  foetus  is  grown  big,  it  may  exercife  fome 
obfcure  refpiration  ; efpecially  fince  children  have  been  heard  to  cry  in 
the  mother’s  womb.  And  I know  a young  lady,  whofe  friends,  when  fhe 
once  went  with  child,  complain’d  to  me,  that  fhe  was  feveral  times  much 
frighted  with  fuch  cries  •,  which,  till  I difabufed  her,  fhe,  and  her  friends, 
look’d  upon  as  portentous.  And  ’tis  no  very  unfrequent  thing,  to  hear  the 
chick  pip  in  the  egg,  before  the  fhell  is  broken.  This,  however,  I only 
bring  as  a probable  argument,  till  I can  difcovet*  whether  the  motion  of  a 
rarified  fubftance,  tho’  no  true  air,  may  not,  at  the  top  of  the  larynx,  pro- 
duce a lound  •,  fince  the  blade  of  a knife,  held  in  feveral  poflures,  in  the 
fteam  of  the  vapours  that  iffues  out  of  an  asolipile,  will  afford  various  and 
very  audible  founds.  I have,  alfo,  had  thoughts  of  trying  to  make 
a large  receiver,  with  little  glafs  windows,  capable  of  holding  a man,  who 
may  obferve  feveral  things  as  to  refpiration,  &c.  and,  in  cafe  of  fainting, 
may,  by  giving  a fign,  be  immediately  relieved  with  frefh  air.  Andlt 
feems  not  impoffible,  that  fome  men,  by  ufe,  may  bring  themfelves  to 
fupport  the  want  of  air  a pretty  while  ; fince  we  fee  that  feverai  will 
live  much  longer  .than  ethers  under  water.  Thofe  who  dive  for  pearls  in 
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the  JVeft-Indies , are  reported  to  be  able  to  flay  a whole  hour  under  water:  ’ 
and  Cardan  tells  us  of  one  Colanus , a diver  in  Sicily  who  was  able  to  con- 
tinue there  three  or  four  times  as  long.  We  have  alfo  often  feen  in  England , 
a corpulent  man,  who  defeends  to  the  bottom  of  the  Thames , and  thence 
brings  large  fifh,  alive  in  his  hands,  out  of  deep  holes  •,  as  Acofta  tells  us, 
he  faw  in  Peru>  the  like  manner  of  fifhing  pradifed  by  the  Indians . 

However,  there  are  but  few  men,  who,  even  by  u,e,  can  fjpport,  for  ma- 
ny minutes,  the  want  of  air:  a famous  diver,  of  my  acquaintance,  te  1,  me, 
that  at  the  depth  of  50  or  60  feet  under  water,  he  cannot  continue  above 
two  minutes,  without  reforting  to  the  air  which  he  carries  down  with 
him  in  an  engine.  He  alfo  told  me,  that  by  the  help  of  fpunges  dipp’d  in 
oil,  and  held  in  his  mouth,  he  could  much  longer  fupport  the  want  of  re- 
fpiration,  under  water,  than  without  them  : the  true  caufe  of  which, would, 
perhaps,  if  difeover’d,  hint  the  nature  of  refpiration  in  fifh.  But  the  ne- 
cefllty  of  air  to  the  greateft  part  of  animals,  unaccuflomed  to  the  want  of 
it,  may  be  bed  judg’d  of  by  the  following  experiment. 

We  convey’d  a bee,  a flefh-fly,  and  a palmer-worm,  into  one  of  our 
fmall  receivers,  and  upon  exhaufting  thereof,  obferv’d,  that  the  bee  and  the 
fly  fell  down,  and  lay  with  their  bellies  upwards,  and  that  the  worm  Teem- 
ed to  be  fuddenly  (truck  dead  ; all  of  them  lying  without  motion,  or  any 
other  difcernible  fign  of  life,  in  lefs  than  one  minute  ; notwithflanding  the 
fmallnefs  of  the  animals,  in  proportion  to  the  receiver,  which  too,  was  not 
free  from  leaks:  but  we  had  no  fooner  re-admitted  the  air,  than  all  the  three 
infedts  gave  figns  of  life,  and,  by  degrees,  recover’d.  When  we  had  again 
drawn  out  the  air,  their  motions  prefently  ceafed,  and  they  fell  down, 
feemingly  dead,  as  before  *,  continuing  movelefs,  as  long  as,  by  pumping, 
the  veffel  was  kept  exhaufted.  Herein  appears  the  wife  conduct  and  good- 
nefsof  the  creator,  who,  by  giving  the  air  a fpring,  hath  made  it  very  dif- 
ficult to  exclude  a thing  To  neceflary  to  animals.  And  here  we  may  fuf- 
pedt,  that  if  infedts  have  no  lungs,  nor  any  part  anfwering  thereto,  theam- 
bient  air  afft&s,  and  relieves  them,  at  the  pores  of  their  flein  ; for,  as  Hip- 
pocrates well  fa  id,  “ a living  body  is  every  where  perfpirable.”  Thus  the 
moifter  parts  of  the  air  readily  infinuate  themfelves  into,  and  recede  from 
the  pores  of  the  beards  of  wild  oats,  and  of  other  wild  plants,  which  al- 
nioft  continually  wreath  and  untwift  themfelves,  according  to  the  light- 
ell  variations  in  the  temperature  of  the  air. . 

We,  particulary,  took  notice  in  this  experiment,  that,  when,  at  any 
time,  upon  the  re-admiflion  of  the  air,  the  bee  began  to  recover,  the  firft 
fign  of  life  flie  gave  was  a vehement  panting,  which  appeared  near  the 
tail ; the  like  we  have  obferv’d  in  bees  drown’d  in  water,  when  they  firft 
come  to  be  revived  by  a convenient  heat ; as  if  the  air  were,  in.  one  cafe, 
as  proper  to  fet  the  fpirits,  and  alimental  juice  in  motion,  as  heat,  in  the 
other. 

This  experiment,  alfo.  Teems  to  manifeft,  that,  even  living  creatures, 
man  always  excepted,  area  kind  of  very  curious  machines.  For,  here  we 
fee  animals  lively,  and  perfectly  found,  immediately  deprived;  of  motion, 
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pxejmuaj res and  ajl  difcernible  dgns  of  life,  and  reduced  to  a condition  that  differs 
from  death,  only,  in  being  not  abfolutely  irrecoverable:  and  this  is  per- 
form’d without  the  lead  external  violence,  more  than  is  offer’d  to  a wind- 
mill, when,  the  wind  ceafing  to  blow  on  the  fails,  all  the  feveral  parts 
remain  movelefs,  and  ufelefs,  till  a new  breeze  puts  them  again  into 
motion. 

’Tis  known,  that  bees,  and  fome  other  infers,  will  walk,  and  fly,  for  a 
great  while  after  their  heads  are  olf,  and  fometimes  one  half  of  the  body 
will,  for  feveral  hours,  walk  up  and  down,  when  it  is  fever’d  from  the  o- 
ther  *,  yet,  upon  the  exfudion  of  the  air  in  this  experiment,  not  only  the 
progreffive  motion  of  the  whole  body,  but  the  very  motions  of  the  limbs 
immediately  ceafe  ; as  if  the  air  were  more  neceffary  to  thefe  animals,  than 
their  own  heads. 

But,  in  thefe  infeds,  that  fluid  body,  in  which  life  chiefly  refides,  feems 
nothing  near  fo  diffipable,  as  in  perfect  animals.  For,  the  birds  convey’d 
into  our  fmall  receiver,  were  within  two  minutes,  brought  pad  recovery  ; 
but  we  were  unable  to  kill  our  infeds  by  the  exfudion  of  the  air  : for,  tho’ 
as  long  as  the  pump  was  kept  working,  they  continued  immove  ible,yet  when 
that  reded,  the  air,  which  prefs’d  in  at  the  unperceiv’d  leaks,  flowly  redored 
them  to  the  free  exercife  and  fundions  of  life.  Without  denying,  then,  that 
the  air  may  be,  fometimes,  very  ufeful,  by  condenfing,  and  cooling  the 
blood  that  paffeth  thro’ the  lungs ; I am  of  opinion,  that  the  depuration  of 
that  animal  fluid,  is  one  of  the  ordinary,  and  principil  ufes  of  refpiration. 

42.  Having  entertain’d  a fufpicion,  that  the  adion  of  corrofive  liquors 
in  diffolving  bodies,  may  be  confiderably  varied  by  the  gravitation,  or 
preffure  of  the  incumbent  air,  and  the  removal  of  it  ; I examined  my  con- 
^ ^e  following  experiment. 

' 1 cad  ten  whole  pieces  or  fprigs  of  red  coral,  into  as  much  fpirit 

of  vinegar  as  reach’d  an  inch  above  them  •,  then  putting  thefe  toge- 
ther, with  the  mendruum,  into  a long  neck’d  vial,  whereof  they  fcarce 
fill’d  a third  part,  we  convey’d  that  vial  into  one  of  our  fmall  receivers, 
and  having  faden’d  on  the  cover, we  let  the  liquor  remain  unmov’d  a while. 
But  finding,  there  only  arofe,  as  before,  a number  of  fmall  bubbles,  that 
caufed  no  fenfible  froth  upon  the  furface  of  the  vinegar  ; we  made  two  or 
three  exfudions  of  the  air,  upon  which  there  rofe  from  the  coral,  luch  a 
multitude  of  bubbles,  as  made  the  whole  body  of  the  mendruum  appear 
white  *,  and  foon  after,  yielded  a froth,  equal  in  magnitude  to  the  red  of  the 
liquor;  the  mendruum  plainly  appearing  to  boil : tho’,  if  we  defided  but 
one  minute  from  pumping,  thedecreafe  of  the  froth,  and  ebullition,  upon 
the  getting  in  of  a little  air,  at  fome  leak  or  other,  feem’d  to  argue,  that 
the  removal  of  the  preffure  of  the  external  air  gave  occafion  to  this  effer- 
vefcence.  But,  for  farther  fatisfadion,  we  let  in  the  external  air  at  the 
dop-cock,  when,  immediately,  the  froth  vanifhed  ; and  fo  many  of  the 
bubbles,  within  the  body  of  the  liquor,  difappear’d,  that  it  lod  its  white- 
nefs,  and  became  tranfparent  again  ; the  mendruum,  alfo,  working  as 
languidly  upon  the  coral,  as  before  they  were  put  into  the  receiver : but, 
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when  we  had  again  drawn  out  the  air,  firfb  the  whitenefs  re-appear’d,  and 
then  the  ebullition  was  renew’d  •,  which,  at  length,  grew  fo  great,  that, 
for  three  or  four  times  fucceffively,  when  the  air  was  let  out  of  the  re- 
ceiver into  the  emptied  cylinder,  the  froth  overflowed  the  glafs,  and  ran 
down  the  fldes  of  it:  and  yet,  upon  re-admitting  the  excluded' air,  it 
grew,  immediately,  calm  and  tranfparent ; as  if  its  operation  upon  the 
coral,  had  been  facilitated  by  the  exfuction  of  the  incumbent  air;  which, 

-on  its  recefs,  left  it  eafier  for  the  more  active  parts  of  the  liquor  to  fhew 
themfelves,  than  whilft  the  p refill  re  of  the  air  continued.  It  may  indeed, 
befufpe<fted,  that  thofe  vaft  and  numerous  bubbles  proceeded  not  from  the 
action  of  the  menflruum  upon  the  coral,  burfrom  the  Hidden  emerlion  of 
thofe  many  little  parcels  of  air,  which  are  difperfed  in  liquors;  but, 
having  had  this  fufpicion  before  we  made  the  experiment,  we  convey ’dour 
diftill’d  vinegar,  alone,  into  the  receiver,  and  kept  it  a while  there,  to  free 
it  from  its  bubbles,  before  ever  we  put  the  coral  into  it.  It  may  be  fuf- 
pecfted  likewife,  that  the  agitation  of  the  liquor,  confequent  upon  (halting 
the  glafs,  by  pumping,  might  occafion  the  ebullition ; but,  upon  trial, 
there  appear’d  no  conflderable  change  in  the  liquor,  or  its  operation,  tho’ 
the  containing  veflel  was  fhaken,  if  no  air  were  drawn  out.  The  experi- 
ment was  again  made  in  a fmall  receiver,  upon  coral  grofly  powdered, 
with  a fuccels  very  like  the  former  ; only  the  coral,  being  now  reduced  to 
fmaller  parts,  fo  many  little  lumps  of  it  would,  upon  the  ebullition  of 
the  liquor,  be  carried,  and  buoy’d  up,  by  the  emerging  bubbles,  as  fome- 
times  to  darken  the  vial ; tho’  they  would  fall  again,  upon  letting  in  the 
air.  We  muft  not  omit,  that,  when  the  fpirit  of  vinegar  was  boiling  upon 
the  coral,  we  took  out  the  vial,  but  could  not  find  that  the  liquor  was  fen- 
fibly  hot, 

43,  We  caufed  water  to  be  long  boil’d,  that  it  might  be  freed  from  its  The  ebullition 
air  ; then,  almoft  filling  a four-ounce  glafs-vial  with  it,  we  convey’d  that  ™arm  of  liquors 
whilft  the  water  was  yet  hot,  into  a fmall  receiver  ; and  having  luted  on  in  vacuo* 
the  cover,  the  air  was  drawn  out:  upon  the  two  firft  exfudtions,  there 
fcarce  appear’d  any  change  in  the  liquor ; nor  was  there  any  great  altera- 
tion made  by  the  third ; but  at  the  fourth,  and  afterwards,  the  water 
appear’d  to  boil  in  the  vial,  as  if  it  had  flood  over  a very  ftrong  fire  ; for 
the  bubbles  were  much  greater  than  are  ufually  found  upon  the  ebullition 
of  large  quantities  of  water.  And  this  effervefcence  was  fo  great,  - that, 
the  liquor,  boiling  over  the  top  of  the  neck,  much  of  it  ran  down  into  the 
receiver,  and,  fometimes,  continued  to  boil  there.  In  profecuting  the  ex- 
periment, weobferv’d,  that,  fometimes,  after  the  firft  ebullition,  we  were 
obliged  to  make  feveralexfudtions,  before  the  liquor  could  be  brought  to 
boil  again:  but,  at  other  times,  as  often  as  the  air  was  fuffered  to  pafs 
from  the  receiver  into  the  pump,  the  effervefcence  would  begin  afrefli  tho’ 
the  pump  were  ply’d  for  a pretty  while  together : which  feem’d  to  argue, 
that  the  boiling  of  the  water  proceeded  from  hence,  that,  upon  with- 
drawing the  prelfu  re  of  the  incumbent  air,  either  the  fiery  corpufcles,  or 
rather  the  vapours  agitated  by  the  heat  in  the  water,  were  permitted 
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p*^^*cs  &rearty  t0  exPa^d  themfelves  in  the  evacuated  receiver  ; and,  in  their  tur- 
multuous  dilatation,  lifting  up  the  higher  part  of  the  water,  and  turning  it 
into  bubbles,  made  it  appear  to  boil , for  the  effervefcence  was  confined  to 
the  upper  part  of  the  water-,  the  lower  remaining  quiet,  unlefs  the  liquor 
were  but  fhallow.  And  tho’,  fometimes,  as  we  laid,  the  ebullition  be- 
gan again,  after  it  had  ceafed  a pretty  while  whence  it  feem’d  that  fome 
concurrent  caufe  did  a little  modify  the  operation  of  heat;  yet,  when  the 
water,  in  the  vial,  could,  by  pumping,  be  brought  to  boil  no  more,  the 
fame  water  being,  in  the  very  fame  vial,  convey’d  back  to  the  re- 
ceiver, was  quickly  brought  to  boil  afrelb,  with  vehemence,  and  for  a 
con  fide  rable  time whilft  a new  parcel,  taken  out  of  the  lame  boil’d  wa- 
ter with  the  former,  and  put  in  cold,  could  not,  by  pumping,  be  brought 
to  Ihew  the  lead  effervefcence.  And  hot  fallet-oil  fhew’d  no  effervefcence 
in  our  receiver  but  the  chymical  oil  of  turpentine  was  prefently  made  to 
boil  up,  till  it  reached  four  or  five  times  its  former  height  in  the  vial ; and 
continued  boiling,  till  it  was  almod  but  luke-warm.  Wine,  alfo,  being 
convey’d  in  hot,  did,  at  the  very  firft  exfu&ion,  begin  to  boil  fo  vehe- 
mently, that,  in  a fhorttime,  while  the  pump  was  kept  moving,  four  parts 
of  five  boiled  over  the  vial,  tho’  it  had  a long  neck.  And  even  of  the  wa- 
ter itfelf,  near  one  half  would,  fometimes,  boil  over  into  the  receiver, 
before  it  became  luke-warm.  It  was  alfo,  remarkable,  that  once,  when 
the  air  had  been  drawn  out,  the  liquor  did,  upon  a Angle  exfuclion,  boil 
fo  long,  with  prodigioufly  vaft  bubbles,  that  the  effervefcence  laded  al- 
moft  a quarter  of  a minute.  Hence  it  appears,  that  the  air  by  its  dronger, 
or  weaker  preffure,  may  very  much  modify  feveral  operations  of  that  ve- 
hement and  tumirlcuous  agitation  of  the  fmall  parts  of  bodies,  whefein  the 
nature  ofheatfeems  toconfid:  fo  that  if  a heated  body  were  conveyed 
above  the  atmolphere,  it  is  probable,  that  the  heat  would  have  a different 
operation,  as  to  the  power  of  difii paring  the  parts  of  it,  from  what  it  hath 
,c  J here  below. 
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• 

HAving  now  prefented  my  great  engine  to  the  royal  fociety,  I was 
obliged  to  procure  another ; wherein,  tho’  the  conftrudtion,  in  ge- 
neral, be  the  fame  in  both,  there  were  fome  alterations,  and  improve- 
ments made. 

The  figures  reprefent  this  engine,  as  ready  for  work  ; and,  becaufe  the 
fucker  is  to  be  always  under  water,  and  the  perforation  P that  is  con- 
tinu’d perpendicular  quite  thro’  it,  and  ferves  together  with  the  dick  R S, 
for  a valve,  is  to  be  dopp’d  at  the  bottom  of  the  cylinder,  as  at  N O,  when 
’tis  full  of  water  ’twas  requifite  to  make  the  dick  R P,  two  or  three  feet 
long.  But  the  chief  thing  is,  that,  in  the  fecond  figure,  the  pipe  AB,  whofe 
end  B,  bends  upwards,  lies  in  a groove,  purpofely  made,  in  the  flat  wooden 
board  C D E F,  on  which  the  receivers  are  to  red.  This  fquare  board,  I 
caus’d  to  be  overlaid  with  very  good  cement,  on  which  was  applied  a 
drong  plate  of  iron,  of  the  bignefs  and  fhnpe  of  the  board,  leaving  only  a 
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final  1 hole,  for  the  eredt  part  of  the  pipe  to  come  out  at  •,  which  I added.  Pneumatics 
not  only  to  keep  the  board  from  warping,  but  becaufe  the  preffure  of  the 
atmofphere  on  the  fide  of  it,  when  there  is  none,  or  very  little,  on  the 
other,  will  enable  many  aerial  particles  to  drain  thro’  the  wood,  though 
thick,  and  moiften’d  with  oil.  To  this  iron-plate,  we  can  fit  a lip,  turn- 
ing up  about  it,  to  prevent  the  water,  that  on  fome  occafions,  comes  from 
the  receiver,  from  falling  on  the  floor.  And,  by  the  way,  tho’  the  ftop- 
cockGHIK,  that  belongs'  to  the  pipe,  may  be  inferted  at  I,  into  the 
cylinder  L M N O,  by  the  help  of  folder  ; yet  we  chofe  to  have  the  branch 
I,  of  the  flop-cock,  made  like  a fcrew,  which,  being  once  firmly  fitted  to 
the  barrel,  is  not  apt  to  be  broken  off,  and  may  be  more  eafily  mended, 
if  any  thing  happen  to  be  out  of  order  ; which  the  engine  is  mod  liable  to, 
in,  or  about  the  pipe. 

The  fquare,  and  hollow  wooden  part  of  this  engine  difcernible  in  the 
firft  figure,  is  fo  made,  not  only  to  contain  the  cylinder,  but  as  much 
water  as  will  always  keep  it  quite  cover’d,  by  which  means,  the  fucker 
lying  and  playing  always  under  water,  is  continually  kept  plump,  and 
turgid  ; and  the  water  being  ready  to  fill  up  any  little  interval,  that  may 
happen,  between  the  fucker,  and  the  infide  of  the  barrel,  farther  conduces 
to  keep  out  the  air.  But,  if  great  care  be  not  taken  in  turning  the  flop- 
cock,  the  water  will  be  imped’d  into  the  receiver,  and  prejudice  feveral 
experiments,  when  the  included  bodies  may  be  fpoiled,  or  impaired  by 
that  liquor. 

The  flat-plate,  lately  mention’d,  has  this  greatconveniency  in  many  ex- 
periments, that  the  receiver  needs  no  flop-cock  of  its  own  ; for  fuch  a vef- 
fel  being  made  of  an  entire  piece  of  glafs,  and  laid  upon  the  plate,  well 
cover’d  with  cement,  can  better  keep  out  the  air,  than  if  there  were  a flop- 
cock,  at  which  the  air  too  frequently  gets  in. 

A good  cement,  wherewith  to  faften  the  receivers  to  the  iron  plate,  is  a 
thing  of  great  moment  in  making  the  following  experiments,  and  we  employ 
different  compofitions  for  different  purpofes  * but,  in  general,  only  a mix- 
ture of  bees- wax  and  turpentine,  made  with  equal  parts  for  the  winter,  and 
three  parts  of  the  former  to  two  of  the  latter,  for  the  fummer. 

i.  We  took  a vial  with  a fmall  neck,  and  having  fill’d  about  a fourth  part  of^ 
it  with  quick-filver,  we  foeredtedand  faften’da  long  and  flender  pipe  of  glafs,  rais'd % the 
open  at  both  ends,  in  the  neck  thereof,  with  hard  fealing  wax,  that  the  lower  firing  of  a lit - 
end  reach’d  almoff  to  the  bottom  of  the  quick-filver,  and  the  upper  more  inc^u^e^ 
than  a yard  above  the  vial*,  then,  havingblownin  a little  air,  we  convey’d  the  ^ 

whole  into  a long  flender  receiver : upon  evacuating  whereof,  we  found  that  ^ 
the  fpring  of  the  air  included  in  the  vial,  impelPd  the  quick-filver  into  the 
eredted  pipe,  to  the  height  of  27  inches  *,  and  fuffering  the  external  air  to 
return  into  the  receiver,  the  quick-filver  fubfided  in  the  tube,  fometimesal- 
moft,  and  fometimes  quite  as  low  as  the  ftagnant  mercury  in  the  vial. 

This  experiment  we  made  feveral  times;  and  having  once  blown  in  fo  much 
air,  that  what  was  in  the  cavity  of  the  vial  rais’d  and  kept  the  quick-filver 
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th^dhes  high  in  the  pipe,  found,  by  emptying  the  receiver,  that  the- 
quick  silver  role  30  inches,  or  more,  above  that  in  the  vial. 

Sometimes  it  may  happen,  that  the  mercury,  when  taken  very  foon  out 
of  the  receiver,  will  not  appear  to  have  fubfided  to  its  fird  ftation  ; which 
is  not  to  be  wonder’d  at*,  fince,  in  a receiver,  containing  but  little  air, 
the  heat  of  the  cement,  and  of  the  iron  employed  to  melt  it  quite  round 
the  glafs,  may  impart  a little  warmth  to  the  air  in  the  vial,  which  will  af- 
terwards return  to  its  tormer  temper. 

’Tis  very  remarkable,  if  the  receiver  be  properly  flopp’d  and  (lender 
enough,  that  upon  the  turning  of  the  flop-cock  to  let  out  the  air  at  the 
fird  exfuction,  the  mercury  will  be  impel  Pd  up  by  the  fpring  of  that  in  the 
vial,  fo  as  to  rife  feveral  inches  above  the  height  it  will  afterwards  red  at 
and  make  feveral  vibrations  up  and  down  before  it  comes  to  fettle;  jud  as 
the  mercury  does  in  the  Torricellian  experiment : and  fuch  motions  of  the 
mercury  will  be  made  for  four  or  five  fubfequent  exfudtions ; but  they  grow* 
gradually  lefs,  as  the  fpring  of  the  included  air  is  weaken’d. 

At  the  fird  exfudlion,  when  the  fpring  of  the  included  air  was  yetdrong,, 
we  found  the  mercury  would  be  rais’d  above  half,  if  not  f of  the  whole 
height,  whereto  ’twill,  at  length,  afeend:  but  the  fubfequent  drokesadd 
a lels  proportion  of  height  to  the  mercurial  cylinder,  fucceflively  ; becaufe 
the  more  mercury  is  impell’d  into  the  tube,  the  greater  weight  prefles- 
upon  the  included  air  ; and  becaufe  the  air  hereby  gains  the  more  room, 
in  the  vial,  to  expand  itfelf:  whence  the  fpring  mud  be,  proportionably,. 
weakned. 

Ladly,  in  making  of  thefe  trials,  I obferved  the  mercury  in  a good  ba- 
rometer, and  found  its  greated  height  twenty-nine  inches,  and  4.;  and 
foon  after  we  had  finished,  but  twenty  nine. 

To  edimate  the  quantity  of  air,  that  had  raifed  the  quick- fllver  to 
twenty-leven  inches  ; we  counterpoifed  the  vial,  employ’d  about  this  ex- 
periment, whild  it  was  empty  ; afterwards  fill’d  it  with  water,  and  found 
the  liquor  to  weigh  five  ounces,  two  drams,  and  twenty  grains;  then  having 
pour’d  out  the  water,  till  it  was  funk  to  a mark,  we  made  on  the  outfide 
of  the  glafs,  we  weigh’d  the  remaining  water,  equal  in  bulk  to  the  quick- 
filver,  and  found  it  one  ounce,  two  drams,  fourteen  grains:  fo  that  the 
air,  which  had  rais’d  up  the  mercury,  poflefs’d,  before  its  expanfion,  the 
fpace  but  of  four  ounces,  and  a few  odd  grains  in  the  vial.  The  bore  of 
the  pipe  ufed  in  this  experiment,  was  about  4.  inch  in  diameter. 

Much  included  2.  Into  a drong  glals  bottle,  capable  of  holding  a quart,  we  put  a con- 
nir  raifes  mer-  venient  quantity  of  quick-filver,  and  eredted  in  it  a very  long  dender  pipe 
CUp\  ^ £^s’  °Pen  at  ends,  and  reaching  with  the  lower  beneath  the  lur- 
ofthe  barome-  ^ace  °f  die  dagnant  mercury  ; and  having  well  cemented  this  pipe  in  the 
ter.  reck  of  the  bottle,  we  convey’d  the  whole  into  a receiver,  much  larger 

than  the  former;  and  then  the  engine  being  work’d,  the  quick-fijver  was 
prefently  rais’d  to  a greater  height  than  before  ; and  when  it  dood  dill, 
we,  by  the  help  of  fame  marks  made  before-hand  on  the  pipe,  and  a 
very  long  and  well-divided  ruler,  carefully  meafured  the  height  of  themer- 
2 curial 
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curial  cylinder,  which  we  found  to  be  29  inches  and  about  J;  but  deduct- Pv  17  UM atici 
ing  half  an  inch,  which  was  rais’d,  before  we  employ’d  the  pump,  by 
fome  air  that  had  been  blown  into  the  bottle,  to  try  whether  it  wereflanch, 
there  remain’d  29  inches  and  near  | for  the  height  of  the  mercury  rais’d 
by  the  fpring  of  the  air  (hut  up  in  the  bottle ; and  then  confulting  the  baro- 
meter, which  (food  in  another  part  of  the  houfe,  I found  the  weight  of 
the  atmofphere  fuftain’d  a mercurial  cylinder,  of  about  twenty-nine  inches, 
and  a half. 

We  caufed  the  pump  to  be  well  ply’d,  to  try  whether  the  quick-filver 
would  not  rife  higher  ; but  were  confirm’d,  that  the  fpring  of  the  air  was 
infufficient  for  that  purpofe. 

3.  Taking  the  glafs-bottle,  ufed  in  the  former  experiment,  and  eredting  The  fpring  of 
in  it,  after  the  manner  above-defcribed,  a cylindrical  pipe  of  glafs,  much  included  air 
larger  than  the  other  ; we  profecuted  the  experiment,  as  with  the  (lender  'newi^oane- 
tube  before- mention’d,  and  found,  that  by  the  fpring  of  the  air  in  the  qual  height, 
bottle,  the  quick- filver  was  rais’d  twenty-eight  inches,  and  one  eighth  ; in  unequal 
that  is,  above  an  inch  (hort  of  the  mercurial  cylinder  in  the  barometer,  2XtUJCi' 

the  fame  time*  a difference  no  greater  than  I expected;  confidering  the 
weight  of  the  atmofphere,  remains  the  fame,  when  the  mercury  is  at  its 
full  height,  in  a fealM  tube,  whether  greater  fmali  ; whilft  the  fpring  of 
our  included  air  muft  needs  be  weaken’d,  the  larger  the  tube,  and  the 
higher  the  mercury  is  impell’d  in  it.  Whence,  ’tis  confiderable,  that  the 
fpring  of  fo  little  air  (houid  raife  the  mercury  within  an  inch  as  high  in  a 
wide,  as  in  a (lender  tube ; for  the  diameter  of  the  bore  of  the  former,, 
vvasdoubleto  that  of  the  latter:  and  the  greater  mercurial  cylinder  may 
be  fuppofed  to  have  weigh’d  near  four  times  as  much  as  the  lefs;  allow- 
ance being  made  for  an  inch  difference  in  their  heights.  But  in  cafe  thefe 
had  been  equal,  then  the  folidity  of  the  cylinders  would  have  been  as  their 
bafes;  that  is,,  as  the  fquares  of  their  diameters,  or  as  1 to  4. 

We  thought  it  worth  trying,  whether,  when  the  included  air  had  raifed 
this  great  cylinder  of  mercury  to  the  utmoft  height  it  could,  by  the  fpring 
it  then  had,  heat  would  not  force  it  ftill  higher.  And,  having  caufed  a 
hot  iron,  and  a (hovel  of  kindled  coals,  to  be  held  near  the  oppofite  parts 
of  the  receiver  we  perceived,  after  a while,  that  the  mercury  afeended 
one  eighth  of  an  inch,  or  more,  above  the  greateft  height  it  had  reached 
before  ; and,  caufing  the  pump  to  be  ply’d  again,  to  withdraw  the  air  I 
fufpecled  to  have  dole  in  ; the  mercury  was  quickly  raifed  five  eighths  of 
an  inch,  by  virtue  of  the  additional  force  which  the  included  air  acquired 
by  the  heat. 

4.  We  took  a glafs-bottle,  furnifhed  with  a convenient  quantity  of  wa- 

ter,  and  fitted  it  with-a  (lender  glafs-pipe,  about  three  feet  long,  open  at  made  by  the 
both  ends;-  which  was  fo  placed,  that  the  lower  orifice  reached  far  be- fpring  of  un- 
neath  the  furface  of  the  water,  and  the  pipe  itfelf  palfed,  perpendicularly,  c°mtreJFe<i  air' 
upwards,  thro’ the  neck  ; which,  by  the  pipe,  and  hard  cement,  was  fo  4 ? 

firmly  clofed,  that  no  water,  or  air,  could  get  out  of  the  bottle,  or  ex- 
ternal air  get  into  it,  but  by  palling  thro5  the  pipe.  This  inftrument 

we 
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we  convey’d  into  a large  receiver,  fhaped  like  a pear*,  of  which  a great 
part  of  the  obtufe  end,  and  a fmall  portion  of  the  fharp  one,  were  cut  off 
by  fedftions  parallel  to  the  horizon. , And,  becaufe  this  receiver  was  not 
long  enough  to  receive  the  whole  pipe,  there  was  cemented  on,  to  the  up- 
per part  of  it,  a fmaller,  of  fuch  a length  and  bignefs,  that  the  higher 
end  of  the  pipe  might  reach  to  the  middle  of  its  cavity  ; and  that  the  mo- 
tions of  the  fpringing  water  might  have  a convenient  fcope,  and  be  the  bet- 
ter obferved. 

This  double  receiver,  being  cemented  on  to  the  engine,  a little  of  the  air 
was,  by  one  ftroke  of  the  pump,  drawn  from  it ; by  which,  the  prefiure  of 
the  remaining  air  being  weaken’d,  that  included  in  the  bottle,  having  not 
its  fpring,  like  wife,  weaken’d,  expanded  itfelf*,  and,  confequently,  im- 
pell’d  up  the  water,  in  the  fame  bottle,  thro’  the  pipe,  fo  as  to  make  it 
ltrike  brifkly,  at  firfb,  againft  that  part  of  the  top  of  the  fmall  receiver, 
which  was  juft  over  the  orifice  of  the  tube.  But,  after  the  water  was, 
for  a while,  thus  forced  up,  in  a perpendicular  line,  it  would  be  impelPd 
up  lefs  ftrongly,  and  lefs  diredlly,  till  the  air,  in  the  bottle,  being  as  much 
expanded,  as  that  in  the  receiver,  it  quite  ceafed  to  afcend,  unlefs  by 
pumping  a little  more  air  out  of  the  receiver,  we  renew’d  it  again.  The 
other  figure  is  defign’d  to  reprefent  the  difference  that  would  happen, 
if,  inftead  of  making  this  experiment  with  water,  it  were  made  with  quick* 
filver. 

In  making  this  experiment,  ’tis  convenient  that  the  upper  part  of  the 
pipe  be  very  {lender ; whence  the  water,  having  but  a very  fmall  orifice 
to  ifiue  out  at,  may  be  fpent  but  ffowly,  and  thereby  make  the  experiment 
laft  fo  much  the  longer : or,  inftead  of  making  the  upper  part  of  the  pipe 
{lender  *,  a top,  confifting  of  three,  or  more,  very  (lender  pipes,  with  a 
fmall  hole  at  the  end  of  each,  may  be  cemented  on  to  it  *,  that  oneof  thefe, 
pointing  diredtly  upwards,  and  the  others  to  the  right  hand  and  to  the  left, 
the  water  may  fpin  out  feveral  ways  at  once*,  by  which  kind  of  branched 
pipes,  we  have  fometimes  imitated  a Jet  d'eauy  and  the  artificial  fountains 
of  gardens  and  grotto’s. 

Hence  we  inter,  that  had  we  not  wanted  convenient  vefiels,  we  might, 
by  the  prefiure  of  the  air  included  in  the  bottle,  have  raifed  water  four- 
teen times  as  high  as  we  did  quick-filver  in  the  former  experiment  *,  fince, 
upon  weakening  the  prefiure  of  the  air,  but  a little,  in  the  double  receiver, 
that  within  the  bottle  wras  able  to  impel  the  water,  forcibly,  and  for  a 
confiderable  time,  to  the  top  of  a pipe  a yard  long,  and  higher. 

Plence  too,  it  appears,  that  in  thofe  hydraulo  pneumatical  engines, 
where  water  is  placed  between  two  parcels  of  air,  the  water  may  be 
put  in  motion,  as  well  by  the  mere  dilatation  of  one  of  the  parcels,  as  by 
giving  a new  force  by  heat  or  compreffion,  to  the  other.  And  whether 
this  mechanical  principle  of  motion  may  not  prove  ufeful  in  engines,  we 
leave  to  be  confider’d. 

But  if,  when  fome  of  the  air  had  been  pumped  out  of  the  receiver,  we 
removed  that  double  vefiel  from  the  bottle,  the  external  air  would,  by  its 

weight, 
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weight,  fuddenly  deprefs  the  water  in  the  pipe,  till  having  driven  it  to  Pneumatics 
the  very  bottom,  it  afcended  in  numerous  bubbles  thro’  the  water,  and 
joined  itfelf  with  the  air  incumbent  on  that  liquor.  ’Twas  here  obfer- 
vable,  that  all  the  external  air  which  got  into  the  bottle,  did  not  come 
in  fuddenly  ; but,  after  the  firfb  irruption,  we  could  perceive,  from  time 
to  time,  new  portions  of  air,  leifurely  infinuate  themfelves  thro*  the 
pipe  into  the  bottle,  and  emerge  thro*  the  dagnant  water  in  bubbles,  that 
fucceeded  one  another  very  flowly;  as  if  the  fpring  of  the  included  air, 
having  been  once  depriv’d  of  its  natural  conditucion,  by  its  late  expanfion, 
could  be  but  gradually  reduced  to  it,  by  the  weight  of  the  atmofphere, 
which  was  (till  the  fame  ; or  rather,  as  if  between  the  fpring  of  the  inclu- 
ded, and  the  preffure  of  the  external  air,  balancing  each  other,  there  hap- 
pen’d fome  fuch  thing  as  is  obfervable  in  fcales,  of  which  one  is  too  much 
deprefs’d  ; whilft  the  motion  becomes  flower,  as  the  weights  are  nearer 
to  an  equilibrium. 

But  our  principal  deflgn  in  this  experiment,  was  to  obferve,  whether 
the  lines  made  by  the  water,  in  its  efflux,  would  retain  the  fame  figure, 
notwithftanding  the  rarifadtion  of  the  air  in  the  upper  part  of  the  recei- 
ver ; and  for  this  purpofe  it  is  bed  to  make  the  observation  towards  the 
latter-end  of  the  experiment;  becaufe,  then,  the  receiver  being  mod  ex^ 
hauded,  the  difference  made  by  the  change  of  the  denfity  of  the  me- 
dium in  which  the  dreams  of  water  move,  is  likely  to  be  bed  difcern’d. 

And  this  convenience  we  had  by  our  way  of  making  the  experiment,  that 
we  could  obferve  the  lines,  defcribed  by  the  flowing  water,  as  the  projection 
thereof  grew  fainter.  But,  for  want  of  a large  upper  receiver,  we  could 
not  be  fatisfied  in  the  nature  of  the  curve;  tho’  both  Dr.  Wallis , and  my 
felf,  found  it  to  be,  fometimes,  part  of  a parabola. 

5.  We  provided  a brafs  ring  of  a confider*able  thicknefs,  in  height  three  Elat  glare's 
inches;  and  the  diameter  of  its  cavity,  as  well  at  the  upper  as  the  lower  broke  by  the 
orifice,  was  fomething  more  than  three  inches.  To  this  ring  we  fuccef-  weight  of  the 
fively  faden’d  with  cement,  feveral  round  pieces  of  window-glafs,  and*  moJh 
thereby  made  the  ring  a kind  of  receiver,  whofe  open  orifice  we  carefully 
cemented  on  to  the  engine  ; and  found,  that  ufually,  at  the  fird  exfudtion, 

the  glafs  plate  would  be  broken  inwards,  with  fuch  violence,  as  to  -be 
fhatter’d  into  a great  multitude  of  fmall  fragments  ; and  the  irruption  of 
the  external  air,  driving  in  the  glafs  condantly,  made  a loud  report,  like 
that  of  a pidol. 

6.  If,  indead  of  the  brafs  ring,  above-mention’d,  both  orifices  whereof  Without  the 
are  equal  in  breadth,  you  employ  a taller  hollow  piece  of  brafs,  or  lattdn,  ojfiftance  of  a 
fhaped  like  a truncate  cone;  and  the  two  orifices  be  made  very  unequal ; ugavacLU* 
as  if  the  larger  be  as  wide  as  that  of  our  brafs  ring,  and  the  draiter  were 

lefs  than  an  inch  in  diameter;  and  this  piece  of  metal  be  made  ufe  of,  as 
that  in  the  preceding  experiment,  the  flat  glafs  will  beeafily  broken  when 
cemented  to  the  wider  orifice:  but  if  the  narrower  orifice  be  turned  up- 
ward, the  glafs  thereon,  if  it  be  of  a due  flrength,  tho’  no  thicker  th  in 
the  former,  notwithfianding  the  air  is  withdrawn  from  beneath  it,  will 
z remain 
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Pneumatics  remain  entire : which  fufficiently  argues,  that  nature’s  abhorrence  of  a 
vacuum,  is  not  the  caufe  why  glaffes  are  ufually  broken  in  fuch  experi- 
ments, fince,  whether  the  wider  or  narrower  orifice  be  uppermoft,  and  co- 
ver’d, the  capacity  of  the  exhaufted  vefifel,  will  be  equal  ; and  therefore 
nature  ought  to  break  the  glafs  in  one  cafe  as  well  as  the  other. 

This  phenomenon,  therefore,  is  more  properly  explain’d,  by  faying, 
that  when  the  wider  orifice  lies  uppermoft,  the  glafs  that  covers  it  muft 
ferve  for  the  bans  of  a large  column  of  the  atmofphere,  which  by  its  great 
weight  may  eafily  force  thro’  the  glafs ; whereas,  when  the  fmaller  orifice 
is  uppermoft,  there  refts  upon  its  cover  fo  Render  a pillar  of  air,  as  can- 
not, by  its  weight,  furmount  the  natural  cohefion  of  the  parts  of  the  glafs. 
JVoivttbladJers  7.  We  feldom  fail’d  of  burfting  blown  bladders  in  our  exhaufted  re- 
bur  ft  by  the  ceiver,  by  tying  their  necks  very  clofely,  and  keeping  them  for  a pretty  while 

^'airlnXded  in'm  t^ie  8^*  t^ie  a*r  was  exhaufting,  and  then  taking  them  out  again  ; 

atpcl,'  ‘ that  the  fibres  being  ftretch’d  and  relax’d,  and  the  capacity  dhninifti’d  by 

a new  ligature,  tho*  the  air  were  the  fime,  and  the  membrane  being  not  fo 
able  to  y ield  as  before  *,  upon  the  fecond  exhauftion  of  the  receiver,  they  would 
break  far  more  eafily  than  otherwife;  and  fometimes  be  oddly  lacerated. 
j confiderable  8.  We  took  a middle* fized  bladder,  and  having  prefs’d  out  the  air, 
tv eight  lifted  till  there  remain’d  but  about  a fourth  or  fifth  part,  we  caus’d  the  neck 
by  the  bare  t0  ge  very  ftrongly  ty’d  again  ; and,  about  the  oppofite  part  of  the  blad- 
inclu  der»  an  t^ie  bottom,  we  fo  ftrongly  tied  another  firing, 

did  in  a lud-  that  it  would  not  be  flip’d  off,  by  a confiderable  weight  hung  at  it.  Then 
der.  fiaftening  the  neck  to  the  turn-key,  we  convey’d  the  bladder,  and  the 

weight  hanging  at  it,  into  a large  receiver ; when,  by  plying  the  pump, 
the  air  within  the  bladder  being  freed  from  the  preffure  of  the  air  with- 
out it,  manifeftly  fwell’d  by  its  own  fpring,  and  thereby  greatly  fhortned 
the  bladder  that  contain’d  it,  and  lifted  up  the  weight,  which  exceeded  1 5 
pounds. 

After  this,  we  took  a large  bladder,  and  having  let  out  fo  much  air, 
that  it  was  left  lank,  we  faften’d  the  two  ends  of  it  to  the  upper  part  of 
the  receiver,  and  hung  a weight  from  the  middle  of  the.  bladder;  then 
exhaufting  the  receiver,  as  before,  tho’  the  bladder,  and  this  new  weight, 
which  ftretch’d  it,  reach’d  fo  low,  that,  for  a while,  we  could  fcarce  fee 
whether  it  hung  in  the  air  or  no;  yet,  at  length,  we  perceiv’d  the  bladder 
to  fwell,  and  concluded  it  had  lifted  up  its  clog  about  an  inch ; as  was 
confirm’d  by  the  return  of  the  air  into  the  receiver ; upon  which,  the  blad- 
der became  more  wrinkled  than  before  ; and  the  weight  amounting  to  a- 
bout  28  pounds,  defeended. 

Perhaps  this  experiment  may  conduce  to  explain  mufcular  motion  *. 


* Something  has,  from  this  hint,  been 
offer’d,  with  a very  fpecious  and  plaufible 
jfhew  of  reafon,  to  account  for  mufcular 
motion;  but  when  thoroughly  con/ider’d, 
it  fails  in  folving  the  phenomenon.  And 
the  laft  bell  writer  on  this  fubje<ft,  the 


learned  Dr.  Pemberton , after  /hewing  the 
infufficiency  of  all  other  methods,  accounts 
for  it,  from  that  fubtile  medium  whereby 
the  great  Sir  If.  Newton  folves  various  other 
phenomena  of  nature. 
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9.  A large  glafs  bubble,  hermetically  feaPd,  being  put  into  the  recei- pNEUMATIcy 
ver,  and  the  air  drawn  out  fomewhat  more  than  ufual  ; tho’  I had,  feveral 
times,  obferv’d,  that  luch  bubbles  would  not  break  immediately,  upon  broke  by  the 
evacuating  the  receiver;  yet  this  continu’d  To  long  entire,  after  we  had Spring  of  their 
left  off  pumping,  that  prefuming  it  had  been  blown  too  ftrong,  I began own  air‘ 
to  defpair  of  fuccefs  in  the  experiment ; when,  about  four  minutes  after 
the  pump  had  been  let  alone,  the  bubble  furpriz’d  us  with  breaking  fo 
violently,  by  the  fpring  of  the  included  air,  that  the  fragments  of  it  were 
dafh’d  every  way  againft  the  fides  of  the  receiver,  and  broke  to  powder. 

jo.  We  took  the  brafs-ring,  lately  mention’d,  whereto  were  fitted  The  external 
fome  plates  of  window-glafs,  as  covers  ; and  having  carefully  fatten’d  fore?  °f the 
one  of  them,  with  cement,  to  the  upper  orifice  of  the  ring  ; and  cement -compfe/Pd^ir 
ing  the  lower  orifice  to  the  engine,  fo  that  the  veflel,  compofed  of  metal  upon  filii  fa 
and  glafs,  ferv’d  for  a final  1 receiver,  we  whelm’d  another  over  it  that  was  dies. 
large  and  ftrong  *,  which  was  alfo  fatten’d  to  the  engine  with  cement,  af- 
ter the  ufual  manner.  By  this  contrivance,  when  the  pump  was  fet  on 
work,  the  fmall  included  receiver  mutt  have  its  air  withdrawn,  while  that 
in  the  larger  could  not  get  out,  but  by  breaking  thro’  the  glafs  *,  fo  that 
the  internal  air  of  the  fmall  receiver  being  evacuated,  the  glafs  plate,  that 
made  part  of  it,  mutt  lie  expofed  to  the  pretture  of  the  ambient  air,  (hut 
up  in  the  other  receiver,  without  having  the  former  aflittance  of  the  air** 
now  withdrawn,  to  refift  the  pretture  ; wherefore,  at  the  firft  or  fecond 
exfu&ion  of  the  air,  included  in  the  fmall  receiver,  the  glafs  plate  was, 
by  the  pretture  of  the  incumbent  air,  contain’d  in  the  larger  one,  broken 
into  a hundred  pieces,  which  were  beaten  inwards  into  the  cavity  of  the 
ring. 

But  to  fhew  that  there  needed  not  the  fpring  of  fo  great  a quantity  of 
included  air  to  break  fuch  glafles,  we  took  another  roundilh  one,  which, 
tho’  wide  enough  at  the  orifice,  to  cover  the  brafs  ring,  and  the  new  glafs 
plate,  that  we  had  cemented  on  it,  was  yet  fo  low,  that  it  held  but  a fixth 
part  of  what  the  large  receiver,  formerly  employ’d,  would  contain  ; and 
having  whelm’d  this  veflel,  which  was  Ihaped  like  a tumbler,  over  the 
little  receiver,  and  well  fatten’d  it  to  the  engine  with  cement,  we  found, 
that  tho’  the  external  receiver  had  a great  part  of  its  cavity  fill’d  by  that 
included  ; yet  when  this  internal  one  was  evacuated,  by  an  exfu&ion  or 
two,  the  fpring  of  the  little  air  that  remain’d,  broke  the  plate  into  a mul- 
titude of  fragments. 

And  becaufe  the  glafs  plates,  hitherto  mention’d,  feem’d  not  fo  thick, 
but  that  the  pretture  of  the  included  air  might  give  greater  inftances  of  its 
force  *,  inttead  of  the  fmall  metalline  receivers,  before  employ’d,  we  took 
a ftrong,  fquare  bottle  of  glafs,  able  to  contain  a pint,  inverted  it,  and 
applied  it  to  the  engine,  as  a receiver  ; over  which  we  whelm’d,  and  ce- 
mented the  large  one, formerly  mention’d  ; and  fetting  the  pump  on  work, 
to  empty  the  fquare  bottle,  the  figure  of  the  veflel  allow’d  the  pretture 
of  the  air,  included  in  the  external  receiver,  to  crufh  it  into  a great  num- 
ber of  pieces. 

V O L.  II.  Oqq  We 
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Pneumatics  We  alfo  took  another  glafs,  of  the  fhape,  and  about  the  bignefs  of  the 
former  j and  having  applied  it  to  the  engine,  as  before,  and  cover’d  in 
with  a receiver,  that  was  a little  higher  than  itfelf  *,  upon  exhaufting  the 
air,  this  was  likewife  broken  into  many  fragments,  fome  of  them  very 
thick  •,  tho*  probably  the  cracks  that  reach’d  thereto,  were  begun  in  much 
weaker  parts  of  the  glafs. 

The  bottoms,  and  the  necks  of  both  thefe  fquare  bottles,  were  entire  ; 
by  which  it  feem’d  probable,  that  the  veflfels  had  been  broken,  by  the 
prefiure  of  the  air  againft  the  fides,  which  were  not  only  thinner  than  the 
other  parts,  but  expos’d  a larger  fuperficies  to  the  lateral  prefiure  of  the 
air,  than  to  the  perpendicular.  We  obferv’d,  in  one  of  thefe  experiments, 
that  the  veflel  did  not  break  prefently,  upon  the  laft  exfu&ion  of  the  in- 
cluded air,  but  a confiderable  time  after. 

To  confirm  that  it  is  the  fpring  of  the  air,  in  the  external  receivers, 
that  breaks  the  glafies,  and  to  prevent  fome  fcruples,  we  apply’d  a plate 
of  glafs,  like  thofe  formerly  mention’d,  to  the  brafs  ring  *,  but,  in  the  ce- 
menting of  it  on,  we  placed,  in  the  thicknefs  of  the  cement,  a fmall  pipe 
of  glafs,  about  an  inch  long,  whofe  cavity  was  not  fo  big  as  that  of  a draw, 
and  which,  being  left  open  at  both  ends,  might  ferve  for  a little  channel, 
for  the  air  to  pafs  thro’,  from  the  external  receiver  to  the  internal  •,  over 
“nhis  we  whelm’d  a fmall  receiver,  and  then,  tho’  we  work’d  the  pump 
much  longer  than  would  have  been  necefiary,  if  the  little  pipe  had  not 
been  made  ufe  of,  we  found  the  internal  receiver  continue  entire  *,  becaufe 
the  air,  whofe  fpring  fhould  have  broken  it,  having  liberty  to  pafs  thro* 
the  pipe,  and  confequently  to  expand  itfelf,  into  the  place  deferted  by  the 
air  pump’d  out,  thereby  weaken’d  its  fpring  too  much  for  that  purpofe. 

But,  either  the  pipe  muff  be  made  bigger,  than  that  lately  mention’d, 
or  the  exfu&ion  of  the  air  muft  not  be  fudden,  by  the  pump  *,  otherwife 
the  plate  of  glafs  may  be  broken,  notwithstanding  the  pipe  ; becaufe  the 
air  contain’d  in  the  external  receiver,  having  a force  much  greater  than  is 
necefiary  to  break  fuch  a plate,  it  may  well  happen,  as  I have  fometimes 
found  it,  that  if  the  air  be  haftily  drawn  out  of  the  internal  receiver,  that 
which  fhould  fucceed  in  its  room,  cannot  get  fad  enough  out  of  the  ex- 
ternal receiver,  thro’  fo  fmall  a pipe  *,  whilft  the  air  remaining  in  the  fame, 
will  yet  retain  a fpring  ftrong  enough  to  break  the  glafs.  Thus,  fome- 
times, when  at  the  flame  of  a lamp,  glafs  bubbles  are  blown  with  (lender 
items  •,  if  they  be  fuddenly  remov’d  out  of  the  flame,  they  either  break,  if 
cool’d  too  fail  *,  or  are  comprefs’d  inwards,  if  they  long  retain  the  foftnefs 
given  them  by  fufion.  For  the  air  in  the  bubble,  being  exceedingly  rari- 
fied  and  expanded,  whilft  the  glafs  is  kept  in  the  flame,  and  coming  to 
cool  haftily,  when  remov’d  from  thence,  lofes,  upon  refrigeration,  the 
fpring  which  the  heat  had  given  it  *,  and  fo,  if  the  external  air  cannot 
prefs  in  faft  enough  thro’  the  too  (lender  pipe,  a fufficient  quantity  of 
air  will  not  get  in  to  refill  the  prefiure  of  the  atmofphere  ; and  there- 
fore, if  this  prefiure  find  the  bubble  yet  foft,  it  will  prefs  it  a little  in- 
wards. 
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wards,  and  either  flatten  it,  or  make  a dent,  tho’  the  orifice  of  the  pipeF*^™ 
be  left  open. 

11.  We  took  a brafs  pipe,  bent  like  a fiphon,  and  fitted  at  the  big-  Mercury  rifet 
ger  end  with  a flop-cock,  and  to  the  {lender  end  of  this  we  faft-^^^ 
en’d  with  cement,  the  upper  end  of  a cylindrical  glafs  pipe,  about  50 tbeweigh?*/ 
inches  long,  open  at  both  ends,  and  having  the  lower  plung’d  into  a the  atmofphere 
veflel  of  ftagnant  quick-filver,  whole  upper  fuperficies  reach’d  confide-  imPels  lt' 
rably  higher  than  the  immers’d  orifice  of  the  glafs  tube  ; then  caufing 
the  pump  to  be  work’d,  the  air  was,  by  degrees,  drawn  out  of  the  fi- 
phon,  and  confequently  out  of  the  glafs  tube  that  open’d  into  it ; and  the 
ftagnant  mercury  proportionably  impell’d  up  into  die  glafs  tube,  till  it 
had  attain’d  to  its  due  height,  which  exceeded  not  30  inches.  And  then, 
tho’  there  remain’d  in  the  upper  part  of  the  pipe,  above  20  inches  unfill’d 
with  quick-filver,  we  could  not,  by  further  pumping,  raife  it  higher. 

Hence  it  appears,  that  the  fancied  power  of  nature,  to  prevent  a va- 
cuum, has  its  bounds  ; and  thofe  depending  upon  the  fpecific  gravity  of 
the  liquor,  to  be  rais’d  by  fudtion.  For  fubftituting,  inftead  of  the  flag- 
riant  mercury,  a bafon  of  water  *,  and  inftead  of  the  many  ftrokes,  in  vain 
employ’d,  to  raife  the  quick-filver  above  .the  height  juft  mention’d,  ma- 
king fcarce  one  exfudtion,  which  only,  in  part,  emptied  the  fiphon  ; yet 
the  water,  upon  opening  the  ftop-cock,  was  not  only  impell’d  to  the  very- 
top  of  the  glafs  tube,  but  continu’d  running,  for  a confiderable  time, 
thro’  the  fiphon,  and  thence  fell  upon  the  plate  of  the  engine  ; fo  that  it 
appear’d  ftrange  to  thofe,  who  knew  not  the  reafon  of  it,  that  the  water 
fhould  run  very  brifkly,  of  its  own  accord,  out  of  the  leg  of  a fiphon  5 
which,  perhaps,  was  not  above  a quarter  fo  long  as  the  other.  I mud 
not  here  omit,  that  tho’  fometimes,  in  the  ’Torricellian  experiment,  I have 
oblerv’d  the  mercury  to  ftand  at  30  inches,  and  now  and  then  above  it ; 
yet  the  height  of  the  mercury  in  our  glafs  tube,  appear’d  not  to  reach  full 
29  inches  and  a quarter.  But,  confulting  the  barometer,  I found  the 
quick-filver  at  29  inches,  and  one  eighth  ; which,  probably,  would  have 
been  the  very  height  of  that  rais’d  by  the  engine,  had  it  been  freed 
from  bubbles. 

Hence  we  may  conclude,  that  fudtion  will  elevate  liquors  in  pumps,  no 
higher  than  the  weight  of  the  atmofphere  is  able  to  raife  them  ; fince  the 
clofenefs  requifite  in  the  pump  of  our  engine,  makes  it  very  unlikely,  that 
a more  accurate  fudtion  can  be  effected  by  an  ordinary  pump. 

Tho’  the  exhaufting  fiphon,  ufed  in  this  experiment,  may  be  eafily  con* 
ceiv’d  by  an  attentive  infpedtion  of  the  figure ; yet,  becaufe  I frequently 
employ  it  in  pneumatical  experiments,  it  is  proper  to  intimate,  once  for 
all,  that  tho’  the  bended  pipe  itfelf,  mayte,  on  fome  occafions,  more 
conveniently  made  of  glafs,  for  the  fake  of  tranfparency  *,  yet,  for  the  mod 
part,  we  chofe  to  employ  pipes  of  brafs,  becaufe  the  others  are  fo  very 
fubjedt  to  break  ; that  it  is  convenient  to  make  the  longer  leg  of  the  fi- 
phon a little  larger  at  the  bottom,  than  the  reft  of  the  pipe  ufually  needs 
to  be,  that  it  may  the  more  commodioufly  admit  the  ftiank  of  a ftop-cock, 
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which  is  to  be  very  carefully  inferted  with  cement ; by  feafonably  turning 
and  returning  whereof,  the  paflage  between  the  engine  and  the  veftel  to  be 
exhaufted,  is  to  be  open’d  and  fhut  •,  and  laftly,  that  tho’  we  fometimes 
immediately  apply  the  brafs  fiphon  to  the  engine,  by  cementing  the  exter- 
nal fhank  of  the  ftop-cock  to  the  orifice  of  the  little  pipe,  thro’  which  the 
exfudlion  of  the  air  is  made  *,  yet  the  bended  pipe  alone,  is  fo  apt  to  be 
loofen’d  by  the  motion  of  the  engine,  and  the  turning  of  the  ftop-cock, 
that,  for  the  moft  part,  we  ufe  a fiphon  confifting  of  a brafs  pipe,  a ftop- 
cock,  and  a glafs  8 or  io  inches  high,  and  of  fome  fuch  fhape  as  is  ex^ 
prefs’d  in  the  figure  ; for  by  this  means,  tho’  the  exhauftion  is  longer  in 
making,  yet  it  is  more  fecurely  and  uninterruptedly  carried  on  *,  becaufe 
of  the  (lability  which  the  breadth  of  the  lower  orifice  of  the  glafs  gives 
to  the  whole  inftrument.  Befides,  not  only  the  fiphon  is  thus  much  length- 
en’d, but  we  may  commodioufly  place  a gage  in  the  glafs  part  of  this 
compounded  fiphon,  to  (hew,  from  time  to  time,  how  far  the  air  is  drawn 
out  of  the  veftel  to  be  exhaufted. 

12.  I caus’d  to  be  made,  and  inferted  to  the  fhorter  leg  of  the  above* 
mention’d  fiphon,  a fhort  pipe,  which  branch’d  itfelf  equally  to  the  right 
hand  and  to  the  left ; fo  that  I might  exhauft  two  glafs  tubes  at  the  fame 
time,  and  prevent  any  fufpicion,  that  the  engine  was  not  equally  applied 
to  both.  This  additional  brafs  pipe,  being  carefully  cemented  into  the 
fiphon,  to  each  of  its  two  branches  were  well  faften’d,  with  the  fame  ce- 
ment, a cylindrical  glafs  of  about  42  inches  in  length  ; the  lower  orifice 
of  one  of  thefe  glafies  being  immers’d  in  a veftel  of  ftagnant  mercury, 
and  that  of  the  other  in  a veftel  of  water  ; when  care  was  taken,  that  as 
the  tubes  were  chofen  near  of  a fize,  fo  the  furfaces  of  the  two  different 
liquors  fhould  be  near  of  a height.  This  being  done,  we  began  to  pump 
warily  and  (lowly,  till  the  water  in  one  of  the  pipes  was  elevated  about 
42  inches  *,  and  then  meafuring  the  height  of  the  quick- filver  in  the  other 
pipe  above  the  furface  of  the  ftagnant  mercury,  we  found  it  to  be  almofl: 
three  inches  * fo  that  the  water  was  about  14  times  as  high  as  the  quick- 
filver.  And,  to  profecute  the  experiment  further,  we  very  warily  let 
in  a little  air  to  the  exhaufting  fiphon,  and  faw  the  two  fluids  propor- 
tionably  defcend  *,  till  turning  the  ftop-cock,  when  the  water  was  about 
14  inches  high,  we  thereby  kept  them  from  finking  any  lower,  before 
we  had  meafur’d  the  height  of  the  quick- filver,  which  we  found  to  be 
about  one  inch. 

But  we  obferv’d,  that  the  quick-filver,  for  the  moft  part,  feem’d  to  be 
a very  little  higher,  than  the  proportion  of  1 to  14  required  ; and  ac- 
cordingly, I had  long  before,  by  particular  trials,  found,  that,  tho* 
14  and  1 be  the  neareft  of  fmall  integer  numbers,  that  exprefs  the  pro- 
portion between  the  fpecific  gravities  of  mercury  and  water  j yet  the  for- 
mer is  not  quite  fo  heavy  as  this  proportion  fuppofes. 

This  experiment  evidently  fhews,  that  the  fluids  rofe  by  the  weight  of 
the  air,  and  leaves  no  pretence  of  a Fuga  vacui . It  may  alfo  be  made 
&feful  to  eftimate  the  different  gravities  of  liquors  j for  which  pur- 
2 " pofe, 
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pofe,  I caufed  the  afore-mention’d  glafs-pipes,  to  have  their  ends  plung’d,  Pneumatics 
the  one  in  frefh  water,  and  the  other  in  fame  impregnated  with  a large 
proportion  of  fea  fait *,  and  found,  that  when  the  frefh  water  was  rais’d 
to  about  forty-two  inches,  the  faline  folution  had  not  fully  reach’d 
to  forty. 

But,  to  make  the  difparity  more  evident,  I prepar’d  an  unufual  brine, 
by  fuffering  fea-falt  to  diflolve  in  the  moift  air:  and,  having  apply’d  this 
liquor,  and  frefh  water  to  the  two  pipes,  and  proceeded  after  the  former 
manner  ; we  found,  that  when  the  pure  water  was  elevated  to  near  forty- 
two  inches,  the  liquor  of  fea-falt  wanted  about  feven  inches  and  one  fourth 
of  that  height ; and  when  the  water  was  made  to  fubfide  to  the  middle  of 
its  pipe,  the  faline  liquor  in  the  other  pipe  was  between  three  and  four  in- 
ches lower  than  that.  I alfo  took  fair  water,  and  a liquor  made  of  the  fait 
ofpot-afhes  fuffer’d  to  run^r  deliquium , and  proceeding  as  before,  found, 
that  when  the  common  water  was  about  forty-two  inches  high,  the  folu- 
tion wanted  of  thirty  inches  ; and  when  the  water  was  made  to  fubfide  to 
the  middle  of  its  tube,  the  other  liquor  was  between  fix  and  feven  inches 
lower. 

13.  We  took  a flrong  glafs  bottle,  that  would  contain  above  a pint,  and  72/  heights 
having  in  the  bottom  of  it  lodg’d  a convenient  quantity  of  mercury,  we  whejet0  water 
pour’d  on  it  a greater  quantity  of  water  ; and  providing  two  (lender  glafs a”a^ ^erau'd 
pipes,  open  at  both  ends,  we  fo  plac’d  and  faften’d  them  clofe  by  cement,  bythefpring 
that  the  fhorter  of  the  pipes  had  its  lower  orifice  immers’d  beneath  the  fur-  °f  the  air . 
face  of  the  quick-filver,  and  the  longer  reach’d  not  quite  fo  low  as  that 

furface,  and  fo  was  immers’d  but  in  the  water.  This  done,  we  convey’d 
the  bottle  into  a proper  receiver,  and  having  begun  to  pumpout  the  air  ; 
we  took  notice  to  what  heights  the  quick-filver  and  water  were  impell’d  up 
in  their  refpe&ive  tubes,  on  which  we  had  before  made  marks ; and  found, 
that  when  the  quick-filver  was  impell’d  up  to  two  inches,  the  water  was 
rais’d  to  about  twenty-eight  ; and  when  the  quick-filver  flood  at  about  one 
inch,  the  water  flood  at  about  fourteen. 

14.  We  convey’d  into  a fitly  fhaped  receiver  two  glafs  pipes  very  un z-  And  the 
qual  in  length  ; but  each  of  them  fealed  at  one  end  : the  fhorter  tube  was  heights  where* 
fill’d  with  mercury,  and  inverted  into  a fmall  glafs  jar,  wherein  a fufEcient t0.  wl11 
quantity  of  that  fluid  had  been  before  lodg’d,  the  longer  pipe  was  fill’d  with  withdrawing 
common  water  •,  and  inverted  into  a larger  glafs,  which  likewife  contain’d  it. 

a fit  proportion  of  the  fame  liquor.  Then  the  receiver  being  clofely  ce- 
mented to  the  engine,  the  air  was  pump’d  out  for  a pretty  while  before  the 
mercury  began  to  fubfide ; but  when  it  was  fo  far  withdrawn,  that  its  pref- 
fure  could  no  longer  keep  up  a mercurial  cylinder  of  that  height,  the  quick- 
filver  began  to  fink  ; the  water  in  the  other  tube,  tho’  three  times  as  long, 
ftill  retaining  its  full  height.  But  when  the  quick-filver  was  fallen  to  be- 
tween three  and  four  inches  above  the  furface  of  that  in  the  veffel,  the  wa- 
ter alfo  began  to  fubfide  *,  but  fooner  than  according  to  the  laws  of  fta- 
tics  it  ought  to  have  done : becaufe  many  aerial  particles  emerging  from 
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the  body  of  the  water  to  the  upper  part  of  the  glafs,  by  their  fpringcon- 
curr’d  with  the  gravity  of  the  water  to  deprefs  this  liquor.  And  fo°when 
the  quick-filver  was  three  inches  above  theftagnant  mercury,  thewater  in 
the  pipe  was  fallen  feveral  inches  beneath  forty-two  ; and  feveral  beneath 
twenty-eight,  when  the  mercury  had  fubfided  an  inch  lower.  But  after 
the  pump  had  been  ply 9d,  to  free  the  water  from  the  latent  aerial  bubbles, 
we  let  in  the  external  air  ; and  having  thereby  impelled  both  the  fluids  up 
again  into  their  pipes,  and  remov’d  the  receiver  ; we  took  them  both  out, 
to  free  them  from  the  air,  and  fill’d  each  of  them  with  a little  of  their  re- 
ipedtive  ftagnant  liquors  *,  then  inverting  them  again  into  their  proper  vef- 
fels,  we  repeated  the  experiment,  and  lound  it  to  require  more  pumping 
than  before,  to  make  the  liquors  begin  to  fubflde  : fo  that  when  the  mer- 
cury was  fallen  to  three  inches,  or  two,  or  one,  the  water  fubfided  fo  near 
to  the  heights  offorty-two,  twenty-eight,  or  fourteen  inches,  that  wefup- 
pos’d  the  little  differences  which  appear’d  between  the  feveral  heights  of 
the  quick-filver,  and  fourteen  times  as  great  heights  of  the  water,  pro- 
ceeded from  fome  aerial  corpufcles  yet  remaining  in  the  water,  and  by 
their  fpring,  when  once  they  had  emerg’d,  promoting  the  depreflion  of  it, 

1 5 . Having  procured  feveral  tin  pipes  above  an  inch  in  bore,  very  carefully 
folder’d  together,  to  make  one  whole  tube,  about  thirty-two  feet  long  ; 
and  cas’d  it  over  firft  with  cement,  and  then  with  plaifter  of  Paris  \ we 
very  carefully  cemented  a ftrong  pipe  of  glafs,  between  two  and  three  feet 
in  length  to  the  upper  part  of  it ; and  to  the  upper  end  of  this  pipe,  by 
means  of  cement  and  a fliort  elbow  of  tin,  we  very  clofely  faften’d  another 
pipe  of  the  fame  metal,  confiding  of  two  pieces  making  a right  angle  ; 
whereof  the  upper  part  was  parallel  to  the  horizon,  and  the  other,  which 
lay  parallel  to  the  glafs  pipe,  reach’d  down  to  the  engine  that  was  placed 
on  the  flat  roof  of  a houfe  thirty  feet  high  from  the  ground,  and  was  to  be 
cemented  to  the  lower  end  of  this  defcending  part  of  the  pipe,  whofe  ho- 
rizontal leg  reded  upon  a piece  of  wood  nail’d  to  the  rails  on  the  top  of 
the  building  : the  tube,  alfo,  was  kept  from  (halting  by  a board  faflen’d 
to  the  dime  rails,  with  a deep  notch  for  it  to  be  inferted  in. 

This  apparatus  being  made,  and  the  whole  tube,  with  a pole  to  fuflain 
it,  eredled  along  the  wall,  faflen’d  there,  and  the  defcending  pipe  carefully 
cemented  on  to  the  engine  *,  there  was  placed  under  the  bottom  of  the  long 
tube  a convenient  veffel,  whereinto  fo  much  water  was  pour’d,  as  reach’d 
far  above  the  orifice  of  the  pipe  ; and  providing,  that  the  veffel  might 
Ail l be  kept  competently  full,  we,  at  length,  rais’d  the  water  to  the 
middle  of  the  glafs  pipe  ; but  not  without  numerous  bubbles,  made  by  the 
air  conceal’d  in  the  pores  of  the  water,  which,  for  a time,  kept  a kind  of 
foam  upon  the  furface  of  it.  And  finding  the  engine,  and  tube  as  (launch 
as  could  be  expedted  •,  I thought  fit  to  try  what  was  the  utmoft  height,  to 
which,  water  could  be  elevated  by  fudlion  : and  therefore,  tho’  the  pump 
fieem’d  to  have  been  fufficiently  ply’d  already  ; yet,  for  further  fatisfadlion, 
when  the  water  was  within  a few  inches  of  the  top  of  the  glafs,  I caus’d 
twenty  exfudtions  more  to  be  fuddenly  made.  And,  having  taken  notice 

where 
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where  the  furface  refted,  we  meafured  the  height  of  the  cylinder  of  water,  Pneumatics 
and  found  it  thirty-three  feet,  and  about  fix  inches  ; the  barometer  then 
ftanding  at  twenty-nine  inches,  and  between  two  and  three  eighths  of  an 
inch.  Now,  fuppofing  the  fpecific  gravity  of  water,  to  that  ofquick  filver, 
as  1 to  14 ; the  height  of  the  water  ought  to  have  been  thirty-four  feet,  and 
about  two  inches  •,  that  is,  about  eight  inches  more  than  we  found  it.  But 
then,  I formerly  noted,  that  the  proportion  betwixt  mercury  and  water, 
is  not  altogether  fo  great ; and  therefore,  in  fo  tall  a cylinder  as  ours  was, 
the  difference  muft  be  confiderable.  If  therefore,  inftead  of  making  an 
inch  of  quick-filver  equivalent  to  fourteen  inches  of  water,  we  abate  a 
quarter  of  an  inch  *,  which  is  but  a fifty-fixth  part  of  the  height  of  the  wa- 
ter ; this  abatement  being  repeated  twenty-nine  times  and  one  quarter, 
will  amount  to  feven  inches,  and  above  a quarter  ; which  added  to  the 
former  height  of  the  water,  thirty-three  feet,  fix  inches,  will  make  thirty- 
four  feet,  and  above  an  inch^  fo  that  the  difference  between  the  height  of  the 
mercury,  fuftain’d  by  the  weight  of  the  atmofphere  in  the  barometer,  and 
that  of  the  water,  rais’d,  and  fuftain’d,  by  the  preffure  of  the  fame  in  the 
long  tube,  did  not  appear  to  differ  more  than  an  inch  or  two,  from  the 
proportion  they  ought  to  have,  according  to  their  fpecific  gravity : nor 
could  we,  by  obftinately  plying  the  pump,  raife  the  water  higher. 

This  experiment,  being  foon  repeated,  in  my  abfence,  by  Dr.  Wallis, 

Dr.  Wren , and  Dr.  Millington  ; they  prefently  after  affured  me,  that  the 
greateft  height,  whereto  they  could  raife  the  water,  was  thirty-three  feet 
and  a half ; and,  as  it  happen’d,  within  lefs  than  an  hour  before,  I had  ob- 
ferved  the  barometer,  to  ftand  fomewhat  below  twenty-nine  inches,  and 
three  eighths ; when,  now,  confulting  the  fame  inflrument  again,  the  mer- 
cury appear’d  to  be  rifen  a little  higher.  Hence  appears  the  impoffibility 
of  making  water  pafs  over  the  highefl  mountains  by  the  help  of  inflected 
pipes,  and  fuCtion.  For,  if  the  water  be  to  rife  above  thirty-five,  or 
thirty- fix  feet,  a fucking-pump  will  not,  ordinarily,  here  in  England , fuf- 
fice  for  that  purpofe. 

1 6.  To  try  whether  the  air  contributes  to  the  elafticity  of  bodies,  we  fe^\cn  h°t[ 
took  a piece  of  whale-bone,  of  a convenient  length,  and  having  faften’d  eXhaujled  r*- 
one  end  of  it  into  a thick  heavy  trencher,  to  be  placed  on  the  plate  of  the  ceiver* 
engine  *,  to  the  other  end  we  tied  a weight,  whereby  the  whale- bone  was 
moderately  bent,  which  reach’d  down  to  a flat  body  placed  under  it,  fo  that 
if  the  fpring  were  but  a little  weaken’d,  the  weight  muft  either  reft  upon, 
or  touch  the  horizontal  plane  ; or  if,  on  the  other  fide,  the  fpring  fhould 
growfenfibly  ftronger,  it  might  be  eafily  perceived,  by  the  diftance  of  the 
weight,  which  was  fo  near  the  plane,  that  a little  increafe  of  it  muft  be 
vifible.  Thefe  things  we  conveyed  into  the  receiver,  and  took  care  to 
fhake  the  engine  as  little  as  poffible,  that  the  weight  might  not  hit  againft 
the  body  which  lay  under  it  * or,  we  be  hinder’d  from  difcerning,  whe- 
ther it  were  depreffed  by  the  bare  extraction  of  the  air.  And,  when  the 
air  had  been  well  pumped  out,  I watched  attentively,  whether  any  notable 
change,  in  the  diftance  of  the  weight  from  the  plane,  would  happen  upon 
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PN'^J,csits  being  let  in  again  -,  for  the  weight  was  then  at  reft  : and  the  returning 
ajr  flowing  in  much  fafter  than  it  could  before  be  drawn  out,  this 
feeni’d  the  likelieft  time  to  difcover,  whether  the  abfence  of  the  air  had, 
fenfibly,  alter’d  the  fpring  of  the  whale-bone.  But,  tho’ the  experiments 
were  made  more  than  once,  I could  only  fatisfy  myfelf,  that  the  depref- 
fion,  or  elevation,  of  the  weight,  ow  'ng  to  the  mere  change  of  the  fprino-, 
was  not  very  confiderable  5 for  I do  not  think  myfelf  fure,  that  I per- 
ceived any  at  all : tho’,  fometimes,  when  the  receiver  was  well  exhaufted, 
the  weight  feem’d  to  be  a little  deprefs’d  ; yet  this,  I thought,  might  well 
be  afcribed  to  the  abfence  of  the  air,  not  confider’d  as  a body  that 
■had  any  thing  to  do  direftly  with  the  fpring,  but  as  a body  that 
had  fome  gravity  ; whereby  it  made  the  medium,  wherein  the  experiment 
was  try’d,  contribute  to  fupport  the  weight  that  bent  the  fpring  ; which 
weight,  when  the  air  was  abfent,  muft  have  its  gravity  increafed,  by  as 
much  weight,  as  a quantity  of  the  exhaufted  air,  equal  to  it  in  bulk 
amounts  to. 

To  m/th  gages  1 7.  The  air,  being  invifible,  it  is  not  always  eafy  to  know,  whether  it 
fhowfTthe&  be  fufficiently  pumped  out  of  the  receiver,  to  be  exhaufted  ; we,  therefore, 
receiver  i,  ex-  though.c  very  convenient  to  have  fome  inftrument  within  the  receiver, 
baufted.  that  might  ferve  for  a gage,  or  ftandard,  whereby  to  judge  when  it  was 
fufficiently  evacuated.  The  firft  attempt,  made  to  this  purpofe,  was 
by  means  of  a bladder,  very  ftrongly  tied  at  the  neck  ; after  having  had 
only  fo  much  air  left  in  its  folds,  as  might  fully  diftend  it,  when  the  re- 
ceiver was  very  well  exhaufted.  And  this  way  , in  fome  cafes,  isufeful; 
but,  in  others,  a bladder  takes  up  too  much  of  the  receiver,  and  hinders 
the  objefts  from  being  obferv’d  on  all  fides. 

Another  fort  of  gage  we  made  with  quick-filver,  pour’d  into  a very 
fliort  pipe,  which  was,  afterwards,  inverted  into  a little  glafs  of  ftao-nant 
quick-filver,  as  in  the  Torricellian  experiment.  For  this  pipe  beino-'but  a 
very  few  inches  long,  the  mercury  in  it  would  not  begin  to  defcenif,  till  a 
very  great  proportion  of  air  was  pumped  out  of  the  receiver  -,  becaufe,  till 
then,  the  fpring  of  the  remaining  air  would  be  ftrong  enough  to  fuftain  fo 
fhort  a cylinder  of  mercury.  And  this  kind  of  gage  is  no  bad  one  But 
becaufe  it  cannot  eafily  be  fufpended,  and  the  mercury  in  it  is  apt  to 
ihake  by  the  motion  of  the  engine,  another  was  fubftituted  in  its  place, 
confiding  of  a kind  of  fiphon,  to  the  fhorter  leg  whereof  belonged  a lar«e 
glafs- bubble.  0 

But,  none  of  thefe  gages  having  the  conveniences,  that  fome  of  our  ex- 
periments require ; 1 devifed  another,  after  the  following  manner. 

47-  Take  a cylindrical  pipe  of glafs,  fix,  eight,  ten,  or  more  inches  in  length, 

and  not  io  thick  as  a goofe-quill  5 and,  by  the  flame  of  a lamp,  melt  it 
but  not  too  near  the  middle,  and  make  it  into  a fiphon-,  the  le<*s  whereof 
are  to  be  parallel,  and  as  near  to  each  other,  as  poffible.  In  one  of  thefe 
legs,  ufually  the  longer,  leave  at  the  top,  either  half  an  inch,  or  a whole 
anch,  more  or  lefs,  according  to  the  length  of  the  gage,  or  the  defign  of  the 
experimenter,  of  air  in  its  natural  ftate;  and  fill  the  reft  of  the  longer 

leg. 
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leg,  and  as  great  a part  of  the  fliorter  as  (hall  be  thought  proper,  with  Pneuma tic, 
quick-filver.  This  done,  there  may  be  marks  placed  on  the  outfide  of  the 
longer,  or  feal’d  leg,  whereby  to  meafure  the  expanfion  of  the  air  inclu- 
ded therein. 

This  inftrument,  being  convey’d  into  a receiver,  and  the  air  very  dili- 
gently pump’d  out,  notice  muft  be  taken,  to  what  part  of  the  gage  the 
mercury  is  deprefs’d,  that  we  may  know,  when  the  mercury  (hall,  after- 
wards, be  driven  fo  far,  that  the  receiver,  wherein  the  gage  is  placed,  is 
well  exhaufted.  And  if  it  be  defired  to  know,  more  accurately,  what  fta» 
tions  of  the  mercury,  in  the  gage,  are  anfwerable  to  the  degrees  of  the 
rarifa&ion  of  the  air  in  the  receiver*,  this  may  be  gain’d  by  letting  in 
water,  as  often  as  is  neceffary,  into  a receiver,  whofe  entire  capacity  is 
firft  meafured  *,  and  in  which  there  might  be  marks  made  to  fliew  when 
the  water  to  be  let  in,  fhall  have  fill’d  a fourth,  a half,  &c,  of  the  cavity. 

For  if,  when  the  quick-filver  in  the  gage,  is  depreflfed  to  a certain  mark, 
you  let  in  water,  which  appears  to  fill  a fourth  part  of  the  receiver  ; you 
may  conclude,  that  about  one  fourth  part  of  the  air  was  pump’d  out;  or 
that  a fourth  of  the  fpring  of  the  whole  included  air  was  loft.  And  if  the 
water  either  falls  confiderably  fhort  of,  or  exceeds  the  quantity  expedbed ; 
you  may  the  next  time,  let  in  the  water,  either  after  the  mercury  has  a 
little  pafs’d  the  former  mark,  or  a little  before  it  is  arrived  at  it.  And 
when  once  you  have,  this  way,  obtain’d  one  long,  and  accurate  gage,  you 
may  divide  others  by  the  help  of  this,  placed  with  them  in  a fmall  recei- 
ver: when,  the  mercury  in  the  former,  being  deprefs’d  to  any  determinate 
divifion,  obtain’d  by  observation;  you  may,  thence,  conclude,  how  much 
the  air,  in  the  receiver,  is  rarify’d  ; and  confequently,  by  taking  notice  of 
the  place  where  the  mercury  refts  in  the  other  gages,  determine  what  de^ 
gree  of  exhauftion,  in  a receiver,  is  denoted  by  that  ftation  of  the  mercury. 

That  leg  of  the  gage  which  includes  the  air,  may  be  feal’d  up,  either 
before  the  pipe  is  bent  into  a fiphon  ; or,  which  is  much  better,  by  firft 
drawing  out  that  end  of  it  you  defign  fhall  be  feal’d,  to  a fhort,  and  very 
flender  thread:  then,  having  made  the  tube  into  a fiphon,  pour  into  the 
leg,  which  is  to  remain  open,  as  much  quick-filver  as  you  judge  conveni- 
ent, which  will  rife  to  an  equal  height  in  the  other  leg ; and,  by  gently  in- 
clining the  fiphon,  you  may  pour  the  fuperfluous  mercury  out  of  it,  if 
there  be  any ; and  when  there  is  an  inch,  or  the  proper  fpace,  unfill’d  with 
mercury  next  the  end  that  is  to  be  clofed  ; and  the  reft  of  that  leg,  and  as 
much  of  the  other  as  is  neceffary,  fill’d  with  quick-filver  ; you  may,  by 
keeping  the  fiphon  in  the  fame  pofture,  and  warily  applying  the  flender 
apex  above-mention’d,  to  the  upper  part  of  the  flame  of  a lamp,  blown 
horizontal,  conveniently  feal  it  up. 

But  there  are  fome  experiments,  wherein  it  is  not  neceffary  that  the  re- 
ceiver fhould  be  fully  exhaufted  ; but,  rather,  that  the  degrees  of  the  air’s 
rarifadtion  fhould  be  well  meafured.  And.  in  many  cafes,  we  may  ufe 
gages,  fhaped  like  thofe  hitherto  defcribed,  made  as  long  as  the  receiver 
will  admit,  and  furnifh’d,  inftead  of  quick-filver,  either  with  tinged  Spirit 
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r»,™c,ofwine.  or  elfe  the  tinflure  of  red  rofe-leaves,  drawn  with  common 
water,  and  heightned  with  a little  fpirit  of  vitriol.  For  the  lightnefs  of 
thefe  liquors,  in  comparifon  of  quick-filver,  will  allow  the  expanfion  of 
the  air,  included  in  the  gage,  to  be  very  manifeft  ; tho’,  perhaps,  a quar- 
ter of  the  air  be  not  pump’d  out  of  the  receiver. 

We  may  alfo,  in  fuch  cafes,  and  where  the  receiver  is  fufftciently  large, 
and  not  to  be  quite  exhaufted,  make  ufe  of  a mercurial  gage,  differing 
from  the  former  in  this,  that  the  lhorter  leg  need  not  be  above  an  inch,  or 
half  an  inch  long,  before  it  widens  into  a bubble,  about  half  an  inch,  or 
an  inch  in  diameter  ; and  having,  at  the  upper  part,  a very  fhort  and 
(lender  open  pipe,  whereat  the  air  may  get  in  and  out:  and  here  we  need 
not  include  fo  much  air,  as,  otherwife,  would  be  requifite,  at  the  top  of 
the  longer  leg  ; becaufe  the  mercury,  in  the  fhorter,  cannot,  by  reafon  of 
the  breadth  of  the  bubble,  into  which  the  expanfion  of  the  air  drives  it,  be 
confiderably  raifcd  ; whereby  the  degrees  of  the  included  air’s  rarifa&ion 
become  very  vifible. 

An  eafy  way  to  x8.  I caufed  a hollow  ftrong  piece  of  brafs  to  be  made,  two  or  three 
funoftblrfir  'xnc^ts  high*  opening,  at  both  ends,  in  orifices  circular  and  parallel,  but 
fenfible  to  then ot  equal  ; which,  being  cemented,  as  a fmall  receiver,  to  the  engine  i 
touch.  whoever  doubted  the  preffure  of  the  air  to  be  confiderable,  needed  only  lay 

the  palm  of  his  hand  upon  the  upper  orifice,  and  prefs  it  clofe  thereto: 
for,  upon  withdrawing,  by  a fingle  ftroke,  the  greateft  part  of  the  pref- 
fure of  the  internal  air,  that,  before  counter-balanced  the  external  ; the 
hand,  being  left  alone,  to  fupport  the  weight  of  the  atmofphere,  would  be 
prefs’d  inwards  very  forcibly  ; efpecially,  if,  by  a fecond  ftroke  of  the 
pump,  the  little  receiver  were  farther  exhaufted : and  this  preffure  con^ 
tinues,  till  the  air  be  re-admitted  into  the  receiver.  If  a more  fenfible 
convi&ionbe  defir’d,  it  is  eafy  to  give  it,  by  turning  the  larger  orifice  upperr 
moft,  and  proceeding,  as  before  *,  but  this  ought  not  much  to  exceed  two 
inches  and  a half  in  diameter,  left  the  great  weight  of  the  air  fhould  break, 
or  confiderably  hurt  the  hand  : as  I once  much  endanger’d  my  own,  thro* 
miftake  of  the  pumper,  who  fell  to  work,  while  I held  it  upon  the  orifice 
ofa  veflel  too  large  in  diameter. 

Mercury  fubfi-  19  A barometer  being  included  in  a receiver,  made  ofa  long  bolt- 
ding  in  the  head,  with  the  lower  part  of  the  ball  cut  circularly  off-,  upon  the  firft  ex- 
JubTtTa'/evel  ^u<^^on  °f  t^e  a^r5  the  quick- filver,  that  before  flood  at  twenty-nine  inches, 
with  the  flag-  would  fall,  and  reft,  at  nine  or  ten  inches  j and,  in  about  three  ft rokes 
uant  by  ex-  more,  it  would  be  brought  quite  down  to  the  level  of  the  ftagnant  quick- 
trafting  the  fllver,  and  fomewhat  below  : but  the  air,  being  let  into  the  receiver,  the 
mercury  would  be  impell’d  up  flow,  or  faft,  as  we  pleas’d,  to  the  former 
height  of  twenty-nine  inches. 

If  the  air  were  fuffer’d  to  go  luftily  out  of  the  receiver,  the  mercury 
would,  at  the  very  firft  ftroke,  defeend,  till  it  reached  within  an  inch 
or  two  of  that  in  the  veflel  ^ tho’  it  would,  prefently  after  a few  rifings 
and  fallings,  fettle  at  the  height  of  nine  or  ten  inches,  till  the  next  ftroke 
brought  it  down  lower. 


And 
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And  if,  when  the  mercury  was  re-impell’d  up  to  its  due  height,  infteadp*'™^I*s 
of  rarifying  the  air,  it  were  a little  comprefs’d  ; the  quick- filver  would  be 
eafily  made  to  rife  an  inch,  or  more,  above  the  former  ftandard  of  twenty- 
nine  inches. 

We,  alfo,  took  a glafs-tube,  feal’d  atone  end,  much  fhorter  than  the 
due  length,  and  having  fill’d  it  with  mercury,  and  inverted  it  into  a vef- 
fel  of  ftagnant  mercury,  we  placed  all  in  the  former  receiver ; where  the 
mercurial  cylinder,  for  want  of  the  requifite  height,  remain’d  totally  fuf- 
pended;  but  upon  the  firft,  or  fecond  ftroke,  fubfided,  and,  after  two 
or  three  more,  fell  to  a level  with  the  ftagnant  mercury,  or  a little  below  it: 
and  upon  the  letting  in  the  air,  it  would  be  again  impeH’d  to  the  very 
top  of  the  tube,  bating  an  aerial  bubble,  which  feem’d  to  come  from  the 
mercury  itfelf ; and  was  fo  little,  as  not  to  be  at  all  difcernible,  but  to  a 
very  attentive  eye. 

20.  Into  a very  large  glafs-tube,  hermetically  feal’d  at  one  end,  and  In [mall and 
about  two  feet  and  a half  in  length,  we  pour’d  quick-filver,  to  the  height  larZe  °Pen 
of  three  or  four  fingers;  then  we  took  two  cylindrical  pipes,  of  very  un-  m 

equal  bores,  and  open  at  both  ends,  and  plunged  the  lower  ends  of  both  be  ^pretended? 
into  the  quick-filver  ; faftening  them  to  the  former  tube,  that  they  might  the  weight  of 
not  be  moved  out  of  their  pofture ; in  which  the  convex  furface  of  the  mer-  water  r a ifes 
cury,  in  both,  feem’d  almoft  to  lie  in  a level ; the  tube,  alfo,  being  pla-  equal” 
ced,  perpendicularly,  in  a frame : then,  by  the  help  of  a funnel,  we  pour’d  height, 
water,  by  degrees,  in  at  the  top  of  the  tube ; and  obferv’d  that,  as  the 
water  gravitated,  more  and  more,  upon  the  ftagnant  mercury  ; fo  the  in- 
cluded mercury  rofe  equally,  in  both  the  pipes;  till  the  tube,  being  al- 
moft fill’d  with  water,  the  mercury  appear’d  to  be  impell’d,  and  fuftain’d 
in  both,  at  the  height  of  about  two  inches  above  the  furface  of  the  ftag- 
nant quick-filver.  And,  having  caus’d  about  half  the  water,  in  the  large 
tube,  to  be  fuck’d  out  at  the  top ; we  obferv’d  the  quick-filver,  in  both 
the  others,  to  fubfide  uniformly,  and  to  re-afcend  alike  upon  the  re-affu- 
fion  of  the  water. 

We,  alfo,  took  a very  wide  tube  of  glafs,  a foot  long,  and  pour’d  into 
it  a convenient  quantity  of  quick-filver  ; then  we  took  two  pipes,  of  an 
equal  length,  but  unequal  bores,  as  before ; and  thefe,  being  fill’d  with 
quic.k-filver,  as  in  the  'Torricellian  experiment,  were  let  down  into  the 
tube,  and  unftopp’d,  under  the  furface  of  the  ftagnant  mercury : when, 
that  in  the  pipes,  falling  to  its  wonted  ftation,  and  refting  there,  we  pour’d 
into  the  tube  about  a foot  height  of  water,  whereby  the  quick-filver  ap- 
pear’d equally  impell’d  above  its  ftation,  and  fuftain’d  there,  in  both  the 
pipes ; and,  upon  withdrawing  fome  of  the  water,  it  began  to  fubfide 
alike,  as  to  the  fenfe,  in  both:  and  water,  being  a fecond  time  pour’d  down 
into  the  tube,  the  mercury,  in  both  pipes,  rofe  uniformly,  as  before.  By 
which,  and  the  former  experiment,  it  appears,  that  a gravitating  liquor, 
as  air,  or  water,  may  impel,  or  fuftain  mercury,  at  the  fame  height,  in 
tubes  of  very  different  capacities ; and  that  liquors  balance  each  other,  ac- 
cording to  their  altitude,  and  not  barely  according  to  their  weight.  For, 
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pneumatics  jn  the  laft  experiment,  the  additional  cylinder  of  one  inch  of  mercury, 
was  manifeftly  rais’d,  and  kept  up  by  the  water  incumbent  on  the  ftagnant 
mercury.  And  the  fame  parcel  of  water  counterpois’d,  in  the  different 
pipes,  two  mercurial  cylinders,  which,  tho’  of  the  fame  altitude,  were 
very  unequal  in  weight. 

<Ebe  height  21.  Amalgamating  mercury,  with  a convenient  proportion  of  pure  tin, 
whereat  pure  that  the  mixture  might  not  be  too  thick,  we  therewith  fill’d  a cylindrical 
"tnercur' ' amtl  FPe’  at  one  encU  and  °f  a length  *,  and  then  inverted  it  into  a 

^amate/ with  little  glafs,  furnifh’d  with  the  like  mixture.  The  event  was,  that  the 
tin,  willftand  amalgam  did  not  fall  down  to  29,  but  ftopt  at  31  inches,  above  the  fur- 
in  barometers.  face  Qf  the  ftagnant  parcel.  Hence  it  appears,  that  the  height  of  the  li- 
quor, fufpended  in  the  Torricellian  tube,  depends  fo  much  upon  its  equi- 
librium, with  the  external  air,  that  it  may  be  varied  as  well  by  a change 
of  gravity  in  the  fufpending  liquor,  as  we  formerly  faw  it  might  by  an 
alteration  in  the  atmofphere. 

It  might  be  worth  while  to  try,  by  comparing  the  height  of  the  amal- 
gam to  what  it  ought  to  be  by  the  fpecific  gravities  of  the  mercury,  and 
the  tin  mix’d  in  a known  proportion,  whether  thefe  metals  penetrate  each 
other,  in  the  fame  manner  as  copper  and  tin  have  been  oblerv’d  to  do  ; 
when  being  melted  down  together,  they  make  a more  clofe  and  ponderous 
body  than  their  refpedtive  weights  feem’d  to  require. 

To  make  per - 23.  We  took  a hollow  cylinder  of  glafs,  feal’d  at  one  end,  and  4 or  5 

table  barome - feet  jn  length  -9  and  by  the  flame  of  a lamp,  bent  it  after  the  manner  of  a 
fiphon,  one  of  the  legs  whereof  is  3 or  4 times  longer  than  the  other ; 
whence  the  fhorter  leg  may  ferve,  inftead  of  the  veflfel,  ufually  employ’d 
49*  to  contain  the  ftagnant  mercury.  To  fill  this,  take  a fmall  glafs  funnel, 
with  a long  and  flender  fhank,  fo  that  it  may  reach  3 or  4 inches,  or  far- 
ther, into  the  fhorter  leg  of  the  barometer  * and  by  the  funnel,  pour  into 
the  fhorter  leg,  as  much  mercury  as  may  reach  about  2 or  3 inches,  in 
both  legs  •,  then  flopping  the  orifice  with  your  finger,  and  flowly  incli- 
ning the  tube,  the  mercury,  in  the  longer  leg,  will  fall  to  the  feal’d  end, 
and  the  air  that  was  there  before,  pafs  by,  and  give  it  room.  The  mer- 
cury, in  the  fhorter  leg,  which  ought  to  be  held  uppermoft,  will,  by  the 
fame  inclination  of  the  tube,  fall  towards  the  orifice  , but  being,  by  the 
finger,  kept  from  falling  out,  if  you  flowly  eredl  the  glafs  again,  and  then 
flop  it,  as  before,  the  mercury  will  pafs  out  of  the  fhorter  leg  into  the 
longer,  and  join  with  that  which  was  there  before*,  and  if  all  the  mer- 
cury do  not  fo  pafs,  the  orifice  is  to  be  ftopt  again  with  the  finger, 
and  the  tube  inclined  as  formerly.  This  done,  the  tube  is  to  be  e- 
redled,  and  by  the  help  of  the  funnel,  more  mercury  is  to  be  pour’d 
in  *,  and  the  fame  procefs  of  flopping  the  orifice,  inclining  the  tube,  &c . 
is  to  be  repeated,  till  all  the  mercury,  pour’d  into  the  fhorter  leg,  be 
brought  to  join  with  that  in  the  longer  ^ and  then  the  open  leg  is  to  be 
furnifh’d  with  frefh  mercury  ; obferving,  that  the  nearer  the  longer  leg 
comes  to  being  fill’d,  the  lefs  you  muft  raile  it,  from  time  to  time,  when 
you  pour  mercury  into  the  fhorter  ; as  alfo,  that  when  the  longer  leg  is 

quite 
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quite  full  of  mercury,  you  need  not  pour  in  any  more,  if  the  longer  much 
exceed  a yard;  becaufe,  upon  erecting  the  tube,  there  will  fubfide  from 
the  taller  leg  into  the  other,  a confiderable  quantity  of  mercury.  And  to 
freeit  from  bubbles,  you  muft,  once  more,  flop  the  orifice  with  the  fin- 
ger, and  incline,  and  re-ereft  the  tube  feveral  times,  till  you  have  there- 
by brought  moft  of  the  fmaller  bubbles  into  a fingle  large  one ; then  ma- 
king this  pafs  leifurely,  two  or  three  times,  from  one  end  of  the  tube  ter 
the  other,  it  will  unite  all  the  fmall  bubbles  to  itfelf:  and  this  may,  after- 
wards, by  one  inclination  more  of  the  tube,  be  made  to  pafsinto  the  fliorter 
leg,  and  thence  into  the  free  air. 

But  there  is  another  fort  of  funnels,  with  which,  if  fkilfully  ufed,  the 
bended  tubes  of  our  portable  barometers,  may  be  very  expeditioufly  fill’d. 
For,  if  the  (lender  part  of  the  funnel  be  bent  in  an  obtufe  angle,  and  fo 
long,  that  the  part  which  is  to  go  into  the  fhorter  leg  of  the  fiphon,  may 
reach  to  its  flexure;  you  may,  by  holding  the  tgbefo,  that  the  fealedend  be 
fomewhat dower  than  the  other,  and  by  pouring  in  mercury  at  this  obtufe 
end  of  the  angular  funnel,  eafily  make  it  run  over  the  flexure,  into  the  longer 
leg  of  the  fiphon  ; provided  you  now  and  then,  as  occafion  requires,  eredt 
and  fhake  the  tube,  to  help  the  mercury  to  get  by  the  air,  and  expel  it. 

We  accomplifh’d  another  part  of  our  defign  by  means  of  apiece  of  wood,, 
fomewhat  longer  than  the  tube,  and  confiderably  broader  in  the  lower  part, 
than  in  the  upper,  to  receive  the  fliorter  leg  of  the  fiphon.  In  fuch  apiece 
of  wood,  which  was  about  an  inch  thick,  we  caus’d  fuch  a channel  to  be 
made,  that  our  fiphon  might  be  placed  in  it  fo  deep,  that  a fiat  piece  of 
wood  might  be  laid  on  it,  without  touching  the  glafs;  fo  that  this  piece  of 
wood  may  ferve  for  a cover  to  defend  the  glafs,  to  be  put  on  when  the  in- 
ftrument  is  to  be  tranfported  ; and  taken  off  again,  when  ’tis  to  be  hung 
up  for  obfervation  ; the  channeFd  piece  of  wood  ferving  both  for  part  of  a 
cafe,  and  for  an  entire  frame ; which  may,  for  fome  ufes,  be  a little  more 
commodious,  if  the  cover  be  join’d  to  the  reft  of  the  frame,  by  two  or  three 
little  hinges  and  a hafp,  whereby  the  cafe  may  be  readily  open’d  and 
fhut,  at  pleafure. 

The  third  thing  we  propos’d,  is  not  fo  eafy  as  the  lecond  ; nor  have  we 
yet  had  opportunity  to  try  whether  the  way  we  made  ufe  of,  will  hold,  if 
the  barometer  be  tranfported  into  very  remote  parts;  tho’,  by  fmaller  re- 
moves, we  found  reafon  to  hope  ’twill  fucceed  in  greater. 

The  grand  difficulty  was,  to  prevent  the  fpilling  of  the  mercury  ; for, 
the  upper  part  of  the  tube  being  deftitute  of  air,  if  the  quick-filver,  by  the 
motion  of  the  inftrument,  be  made  to  vibrate,  it  will  hit  fo  violently  a- 
gainft  the  top  of  the  glafs,  as  to  break  it.  To  obviate  this  inconvenience, 
we  incline  the  tube,  till  the  mercury  be  imp  ell’ d to  the  very  top  of  it ; when 
yet  there  will  remain  a competent  quantity  in  the  fliorter  leg  of  the  glafs, 
if  that  be  not  too  fhort ; then  the  remaining  part  of  the  fhorter  leg,  is  to 
be  fill’d  up  either  with  water  or  mercury,  and  the  orifice  of  it  very  care- 
fully flopp’d  with  cement:  by  this  means,  the  mercury  in  the  longer  leg, 
having  no  room  to  play,  cannot  ftrike  with  violence  againft  the  top  of  the 
glafs.  “ When 
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Pneumatic*  "When  the  inftru men t is  to  be  cranfported,  the  height  of  the  mercurial 
cylinder  being  taken  for  that  place,  day,  and  hour,  and  compared  with 
that  of  another  good  barometer,  which  is  to  continue  in  the  fame  place;  as 
much  of  the  channel,  as  is  unpoffefs’d  by  the  glafs,  may  be  (luffed  with 
cotton,  or  the  like;  and  fome  of  the  fame  matter  may  be  put  between  the 
reft  of  the  frame,  and  the  cover,  which  ought  to  be  well  bound  together. 
And  when  the  inftrument  is  arrived  at  the  place  defigned,  the  water,  that 
is  added,  may  be  taken  off  again,  by  pieces  of  fpunge,  linen,  &t\  but,  if 
inftead  of  water,  mercury  be  employ’d,  it  ought  to  be  taken  out,  till  you 
havejuft  the  weight  that  was  put  in.  The  chief  ufe  of  this  barometer 
is,  by  keeping  a diary  of  the  heights  of  the  mercury  herein,  and  compa- 
ring them  with  thofe  in  the  barometer,  that  was  not  remov’d,  to  difcover 
the  agreement  or  difference  of  the  weight  of  the  atmofphere,  in  diftant 
places.  The  ftrudlure  of  this  inftrument,  alfo,  fits  it  to  be  fecurely  let 
down  into  wells,  or  mines  ; to  be  drawn  up  to  the  top  of  towers,  and  o- 
ther  elevated  places ; and,  perhaps,  by  a convenient  addition,  fuch  baro- 
meters may  (hew  very  minute  alterations  of  the  atmofphere’s  preffure. 

Whether  this  barometer,  furnifh’d,  at  its  upper  end, with  a ball  and  foc- 
ket,  and  at  the  lower,  with  a great  weight,  may  be  ferviceable  at  fea,  not- 
withftanding  the  rolling  of  a (hip,  I have  not  try’d  ; but  it  may,  at  lealt, 
be  apply’d  in  flat  calms,  to  fhew  the  weight  of  the  atmofphere  in  diffe- 
rent climates  upon  the  fea  ; which  may,  perhaps,  prove  ufeful  to  naviga- 
tors, by  enabling  them  to  foretel  the  end  of  the  calm.  Befides,  having  one 
of  thefe  inftruments  ready, whenever  they  come  on  fhore,  they  can  prelently 
take  notice  of  the  gravity  of  the  atmofphere,  in  that  place  ; and  this,  per- 
haps, compared  with  other  obfervations,  may,  in  time,  help  them  toguefs 
where  they  are,  and  to  forefee  fome  approaching  changes  of  weather. 
Mercury  in  a 23.  Two  perfons,  whom  I employ’d,  found  the  mercury,  in  a portable 
barometer  will  barometer,  fall  a little,  as  they  afcended  a hill  ; at  the  top  whereof  they 
^Mi^herauhe r^e  fettle,  and  carefully  noted  the  place  whereat  it  refted,  which 
bottom  than  at was  one  quarter  of  an  inch  beneath  its  former  ftation  ; tho*  the  hill  was  not 
thetop  of  a hill,  high,  and  the  air  and  wind  feem’d,  to  them,  much  colder  at  the  top,  than 
below.  And  as  they  defcended,  they  obferved  that  the  mercury  rofe  gra- 
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the  air  will fu - 24.  Take  the  bent  tube,  mention’d  in  the  twenty-fecond  experiment, 

ftainthemer  and  inclining  it,  till  the  greateft  part  of  the  mercury  pafsfrom  the  fhorter 
‘rometer,  thtflt^^  ’nt0  l°nger*  the  upper-end  of  the  fhorter  leg,  may,  by  the  flame 
prsfs  thereon  of  a lamp,  be  drawn  out  (o  (lender,  that  its  orifice  fhall  not  be  above  an 
but  at  a very  eighth  or  tenth  part  as  big  as  ’twas  before.  This  being  done,  and  the 
[mall  orifice.  tube  eredted  again,  if  the  tall  cylinder  of  mercury  be  of  the  ufual,  or  for- 
:fr  mer  k^S^t,  as  we  found  it,  ’twill  appear  that  the  weight  of  the  external 
'atmofphere air  may  prefs  as  much  upon  the  llagnant  mercury,  thro’  a little  hole, 
and  the fpring  as  when  all  the  upper  fuperficies  of  that  mercury,  was  diredtly  expofed 
of  a little  f'tf-to  it. 

‘will fuflain  the  25*  inftead  of  drawing  the  fhorter  leg  of  our  fiphon  diredlly  upwards, 
mercury  in  the or  Parallel  to  the  longer,  as  in  the  foregoing  experiment,you  bend  off  the  flen- 

baiometer . - der 


P hyftco-mechanical  Experiments.  495 

der  part,  fo  that,  were  it  continued,  it  would  make  a right  angle  with  PNEUMATlca 
the  longer  leg  of  the  fiphon,  or  an  acute  one,  tending  downwards  ; and 
when  the  tube  is  eredted,  the  mercury  reds  at  its  ufual  ftation  *,  ’twill  ap- 
pear,  that  the  prefifure  of  the  atmofphere  may  be  exercis’d  upon  it  as  well 
obliquely,  when  the  pipe  that  conveys  it,  is  either  horizontal  or  opens 
downwards. 

And,  if  in  (lead  of  bending  this  (lender  pipe,  you  feal  it  up  hermeti-  Fig. 
cally,  the  continuance  of  the  mercurial  cylinder,  at  the  fame  height* 
will  (hew,  the  fpring  of  a very  little  air,  (hut  up  with  the  prefifure  of  the 
atmofphere  upon  it,  is  ableto  fupport  as  tall  a cylinder  of  mercury,  as  the 
weight  of  that  part  of  the  atmofphere,  which  can  come  to  exercife 
its  prefifure  againft  the  mercury. 

If,  when  the  (horter  leg  of  the  barometer  is  fealed,  you  move  the  in- 
(Irument  up  and  down,  the  mercury  will  vibrate,  by  reafon  of  the  yield- 
ing fpring  of  the  imprifon’d  air  ; but  becaufe  of  the  refinance  of  the  fpring* 
the  motion  will  be  diverfified  after  an  odd  manner;  which  may  be  eafily 
perceiv’d  by  the  imprefllon  it  makes  upon  the  hand,  but  not  fo  eafily  de* 

(bribed.  And  as,  when  the  fhorter  leg  is  drawn  out  (lender  enough,  af- 
ter the  inftrument  is  furnifh’d  with  quick-filver,  ’tis  eafy  to  feal  it  up  with 
the  flame  of  a candle,  without  the  help  of  any  inftrument  at  all ; I might 
here  obferve,  that  it  may,  on  fome  occafions,  be  convenient  to  feal  up  the 
barometer,  before  it  be  tranfported  ; and,  in  fome  cafes,  to  incline  the 
tube  before-hand,  till  the  quick-filver  have  quite  fill’d  the  longer  leg:  for 
by  this  means,  the  vibrations  of  the  quick-filver  will  be  lefs  ; and  ’tis  ea- 
fy, when  the  inftrument  is  brought  to  the  defign’d  place,  to  break  off  the 
flender  apex  of  the  (horter  leg,  and  fo  expofe,  again,  the  mercury  to  the 
prefifure  of  the  atmofphere. 

Having  caus’d  a portable  barometer  to  be  made,  with  the  (horter  leg  of 
a more  than  ordinary  length ; I afterwards  caufed  the  upper  part  of  this 
leg  to  be  drawn  out  very  (lender  ; and  laftly,  the  fame  to  be,  about  the 
middle,  bent  downwards,  fo  that  the  fmall  orifice  of  the  (lender  apex, 
pointed  towards  the  ground  ; when  neither  I,  nor  fome  others,  took  notice, 
that  the  mercury  flood  lower  than  in  ordinary  barometers : whence  we 
concluded,  that  the  atmofphere  could  prefs,  not  only  at  a very  fmall  ori- 
fice, but,  when  the  air  muft,  at  this  little  orifice,  tend  upwards,  to  prefs 
upon  the  furface  of  the  ftagnant  mercury. 

26.  When  it  appear’d,  by  a good  barometer,  that  the  atmofphere  was  pQ  ma\e  a 
eonfiderably  heavy,  I caufed  a glafs  pipe,  hermetically  fealed  at  one  end,  rometer  ufefut 
and  in  length  about  two  feet  and  a half,  to  be  fill’d  with  quick-filver  ; ex-  but  at  certain 
cept  a very  little  part,  wherein  fome  drops  of  water  were  put,  that  we  Umi' 
might  the  better  difeern  the  bubbles,  if  any  (hould  be  left,  after  the  in- 
verfion  of  the  tube  into  an  open  glafs,  containing  ftagnant  mercury.  Hal- 
ving, by  this  means,  freed  the  tube  from  bubbles,  we  fo  order’d  the  mat- 
ter, that  the  quick-filver,  and  the  little  water  about  it,  exadtly  fill’d  the 
tube,  without  leaving  any  vifible  interval  at  the  top  ; and  yet  the  mer- 
curial cylinder  was  but  very  little  higher  than  that  of  our  barometer  at 
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Pneumatics  that  time.  Then  the  pipe  was  left  eredted  in  a quiet  place,  where  the 
liquors  retain’d  the  former  height  for  feveral  days.  A fch-  ol-philofopher 
would  confidently  have  attributed  this  fuftentation  of  fo  heavy  a body,  to 
nature’s  dread  of  a vacuum  *,  but  either  fhe  is  not  always  equally  fubjedk 
to  that  fear,  or  fome  other  caufe  of  the  phenomenon  muft  beaffign’d: 
for,  when,  long  after,  I had  obferv’d  by  the  barometer,  that  the  atmo- 
fphere  was  grown  much  lighter  than  before,  I found  the  quick- filver,  in 
the  fhort  tube,  confiderably  fubfided  *,  leaving  a cavity  at  the  top,  which 
afterwards  grew  lefs,  as  the  atmofphere  became  heavier. 

Tbs  rJent  of  2 7.  Some  fpirit  of  wine,  ting’d  with  cochineal,  being  put  into  the  re- 
S/^ceiver’  anc*  a*r  withdrawn,  lt  bubbled  exceedingly  for  a confiderable 
'in* Vacua?  time.  Then,  little  hollow  pipes,  of  different  fizes,  were  put  into  it,  when 
the  red  liquor  afcended  higher  in  the  more  (lender,  than  in  the  others  *, 
but  upon  extracting  the  air,  there  fcarce  appeared  any  fenfible  diffe- 
rence in  the  heights  of  the  liquor,  nor  upon  the  letting  it  in  again. 

Afterwards,  two  fuch  tubes,  of  different  fizes,  being  fatten’d  toge- 
ther with  cement,  we  let  down  into  the  fame  fpirit  of  wine,  when  the  re- 
ceiver was  well  exhaufted  : notwithftanding  which,  the  liquor  afcended 
in  them,  for  ought  we  could  plainly  fee,  after  the  ordinary  manner ; 
only  when  the  air  was  let  in  again,  there  feem’d  to  be  fome  little 
rifing,  at  lead  in  one  of  the  tubes. 

In  this  experiment,  tho*  there  appear’d  no  bubbles  at  all  in  the  fpirit  ot 
wine  in  the  veffel,  yet,  for  a confiderable  time,  there  arofe  bubbles  in 
that  part  of  the  liquor  which  was  got  into  the  (lender  pipes. 

J fpontaneous  28.  I took  a ftrait  pipe  of  glafs,  open  at  both  ends,  and  of  a mo- 
afcent  of  wa-  derate  bore  *,  and  having  tied  a linen  rag  to  one  end  of  it,  that  the  water 
Til  'd-'itba  ^ave  free  paffige  in,  and  the  powder  not  be  able  to  fill  out,  we 

' tmpaftbodj.  carefully  fill’d  the  cavity  with  minium  ; and  then  having  eredfed  the  tube, 
fo  that  the  bottom  of  it  refted  upon  that  of  a (hallow,  open-mouth’d  glafs, 
containing  water  enough  to  rife  an  inch  or  two  above  the  bottom  of 
the  tube,  it  infinuated  itfelf,  by  degrees,  into  the  cavity  thereof,  as  ap- 
pear’d by  a little  change  of  colour  in  that  part  of  the  minium  which  it 
reach’d  ; till  the  open  glafs  being,  from  time  to  time,  fupplied  with  frefh 
liquor,  it  attain’d  to  the  height  of  about  thirty  inches. 

Taking,  afterwards,  another  tube,  and  fome  minium,  carefully  pre- 
pared, 1 profecuted  the  experiment,  fo  as  to  make  the  water  rife  in 
the  pipe  about  forty  inches  above  the  furface  of  the  ftagnant  water. 

Making  the  experiment  with  beaten  glafs,  pieces  of  fpunge,  putty,  &V. 
I did  not  find  any  of  them  fucceed  fo  well  as  the  minium.  Ting’d  liquors, 
as  ink,  tin&ure  of  faffron,  &c.  feem’d  not  to  rife  near  fo  high  as  water ; 
as  if  the  diffolved.  ingredients  gradually  choaked  the  pores  of  the  mi- 


nium. i 

To  have  the  grains  of  our  powder  more  minute,  and  the  intervals  be- 
tween them  fmaller,  I chofe  the  beft  fort  of  minium,  fifted  it  very  fine, 
and  fo  put  it,  by  little  and  little,  into  the  tube  *,  that  by  ramming  it  from 
time  to  time,  it  might  be  made  to  lie  the  clofer : and  this  method  fuc- 
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ceeded  well.  It  feem’d,  by  a trial  or  two,  that  if  the  tube  were  very  Pneumatic* 
(lender,  the  experiment  would  not  fucceed. 

It  may  be  worth  while  to  obferve,  in  what  times  the  water  afcends  to 
certain  heights  •,  for,  at  the  beginning,  it  will  afcend  much  fader  than  af- 
terwards, and  fometimes  continue  riling  for  30  hours,  or  longer. 

One  end  propofed  in  this  experiment  is,  to  difcover  a midake  in  the 
modern  explication  of  filtration  ; which  fuppofes,  that  the  parts  of  the 
filtre  which  touch  the  water,  being  fwelPd,  by  the  ingrefs  of  it  into  their 
pores,  are  thereby  made  to  lift  up  the  water,  till  it  touch  the  higher  parts 
of  the  filtre  •,  by  which  means,  thefe  being  alfo  wetted  and  fwell’d,  raile 
the  water  to  the  other  neighbouring  parts  of  the  filtre,  till  it  have  reach’d 
to  the  top  of  it,  whence  its  own  gravity  makes  it  defcend  ; but,  in  our 
cafe,  v/e  have  a filtre  made  of  folid  metalline  corpufcles ; where  it  will  be 
very  hard  to  fhew,  that  any  fuch  intumefcence  is  produc’d,  as  this  expla- 
nation requires. 

Water  afcends  fo  few  inches,  even  in  very  (lender  pipes,  that  the  rife 
of  the  fap  in  trees,  feems  hardly  accountable  for,  from  the  fame  caufe. 

In  the  lad  trial,  above-mention’d,  I made  water  to  afcend  above  3 feet 
and  a half;  and  if  by  fo  flight  an  expedient,  water  may  be  rais’d  as  high 
as  is  necedary  for  the  nutrition  of  fome  thoufands  of  plants ; for  fuch  a 
number  there  is  that  exceed  not  3 feet  and  a half  in  height ; I afk  why  na- 
ture may  not  have  ufed  other  contrivances,  to  make  liquors  afcend  to  the 
tops  of  the  tailed  trees  ; efpecially,fince  befides  heat,  and  fomething  equi- 
valent to  valves,  fcfr.  many  other  things,  perhaps  not  yet  dream’d  of,  may 
probably  concur  to  the  effect? 

As  formerly,  by  bending  thefe  (lender  pipes,  we  made  (hort  fiphons, 
thro’  which  the  water  would  run,  without  being  at  fird  adided  by  fudtion  ; 
fo  I try’d  whether  I could,  in  larger  pipes,  make  much  longer  fiphons, 
by  the  help  of  minium.  But  tho,  when  the  orifices  pointed  upwards,  fine 
minium  were  ramm’d  into  both  the  legs,  and  both  the  orifices  clofed,  yet 
when  they  came  to  be  again  turn’d  downwards,  the  weight  of  the  minium 
would  make  fome  fuch  difcontinuation,  as  to  hinder  the  farther  progrefs 
of  the  water.  This  impediment,  however,  I judg’d  fuperable,  but  had 
no  opportunity  to  profecute  the  experiment. 

29.  Having  in  (hallow,  wide-mouth  glades,  expofed  a drong  folution  The  fpor.tane . 
of  common  fea-falt,  or  of  vitriol,  to  the  air,  which  reach’d  not,  by  fome  ous  afcent  °f 
inches,  to  the  tops  of  the  vedels ; and  having  fuder’d  much  of  the  aque- 
ous  part  to  exhale  very  (lowly  ; the  coagulated  fait,  at  length,  appear’d7  * ' 7 

to  have  lined  the  infide  of  the  glades,  and  to  have  afcended  much  higher 
than  where  the  furface  of  the  remaining  water  then  reded  ; or  the  part 
whereto  the  liquor  reach’d,  when  it  was  fird  pour’d  in.  And  if  the  experi- 
ment were  continu’d  long  enough,  I fometimes  obferv’d  this  afcent  of  the 
fait  to  be  of  fome  inches  ; and  that  the  fait  did  not  only  line  the  infide  of 
the  glafs,  but  getting  over  the  brim  of  it,  cover’d  the  outfide  alfo  with  a 
faline  crud  *,  fo  that,  confidering  what  a little  liquor  remain’d  in  the  glafs, 

H was  furprizing  how  it  could  podibly  get  thither.  Other  falts  alfo, befides 
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Pn®^^'ics  thcfe  mention’d,  will  exhibit  the  fame  phenomenon.  The  caufe  of  this 
odd  effeft  may  be  referr’d  to  that  of  the  afcent  of  liquors  in  pipes. 

I obferv’d  in  water,  and  aqueous  liquors,  that  part  of  the  furface  next 
the  Tides  of  the  glafs,  to  be  fenfibly  more  elevated  than  the  reft  of  the  fu- 
perficies  i and  it  very  minute  clippings  of  ftraw,  or  other  lmall  and  light 
bodies,  floating  upon  the  water,  approach  near  enough  to  the  Tides  of  the 
glafs,  they  will  be  apt  to  run  up,  as  it  were,  this  afcent  of  water,  and 
reft  againft  the  Tides  of  the  glafs. 

We  may  alfo  obferve,  that  fea-falt  ufually  coagulates  at  the  top  of  the 
water,  in  Tmall  and  oblong  corpufcles  i fo  that,  as  to  thefe,  it  is  eafy  to 
conceive,  how  numbers  of  them  may  faften  themfelves  around  the  infide 
of  the  glafs.  And  befides  fea-falt,  I have  found  feveral  others,  which,  if 
their  folutions  be  (lowly  evaporated,  will,  whilft  yet  there  remains  a large 
proportion  of  liquor,  afford  faline  concretions  at  the  top  of  the  water. 
And  the  faftning  of  faline  particles  to  the  Tides  of  the  glafs,  may,  perhaps* 
be  promoted  by  a coldnefs,  communicated  by  corpufcles  contiguous  to 
the  glafs  becaufe  the  glafs  may  be  fuppofed  more  cold,  upon  account  of 
its  denffty,  than  water  *,  but  by  the  evaporation  of  the  aqueous  parts  of 
the  folution,  the  furface  of  the  remaining  liquor  muff:  necefiarily  fubflde  ; 
and  thofe  faline  particles  that  were  contiguous  to  the  infide  of  the  glafs, 
and  the  more  elevated  part  of  the  water,  having  no  longer  liquor  enough 
to  keep  them  diflolv’d,  will  be  apt  to  adhere  to  the  fldes  of  the  glafs  *,  and 
upon  the  leaft  farther  evaporation  of  the  water,  become  a little  higher 
than  the  greater  part  of  the  fuperficies  of  that  liquor  ^ whence,  by  reafon 
©f  the  little  inequalities  that  will  be  on  the  internal  furface  of  the  adhering 
corpufcles  of  the  fait ; and  perhaps  alfo,  on  the  internal  fuperficies  of  the 
glafs  v there  will  be  intercepted  between  the  (alt  and  the  glafs,  little  cavi- 
ties, into  which  the  water,  contiguous  to  the  bottom,  will  afcend,  or  be 
knpeli’d  by  the  fame  power  that  raifes  it  in  (lender  pipes.  And  when  the 
liquor  is  thus  got  to  the  top  of  the  fait,  and  lies  expofed  to  the  air ; the 
ialine  part  may,  by  the  evaporation  of  the  aqueous,  be  brought  to  coa- 
gulate there  *,  and  confequently,  to  increafe  the  height  of  the  faline  film*, 
which,  by  the  like  means,  may,  at  length,  reach  to  the  very  top  of  the 
glafs ; and  thence  it  may  eafily  be  brought  over  to  the  outfide  of  the  vef- 
Tel,  where  the  natural  weight  of  the  folution  will  facilitate  its  progrefs 
downwards  *,  whence  the  pellicle  of  fait,  together  with  the  contiguous 
furface  of  the  glafs,  may,  at  length,  conftitute  a kind  of  fiphon. 

Thus  I have  ufually  obferv’d  the  faline  film  to  be  very  eafily  feparable 
from  the  glafs  in  large  flakes ; which  argues,  that  they  did  not  (lick  clofe 
to  one  another,  except  in  a few  places  j but  had  a thin  cavity  interpofed 
between  them,  thro*  which  the  water  might  afcend. 

Nor  is  it  repugnant  to  this  explanation,  that  in  cafe  the  water  afcended, 
it  fhould  difiolve  the  fait  *,  for  the  liquor  being  already  upon  the  point 
©f  concretion,  it  is  fo  faturated  with  fait,  that  it  can  diflfolve  no  more. 
"Whence  we  may  alfo  fee,  why,  when  the  faline  film  reaches  to  the  outfide 
©f  the  glafs,  the  liquor  does  not  run  down  to  the  bottom,  but  coagulates 
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by  the  way.  And  I have  fufpe&ed,  that  when  the  concretion  is  once  be-  Pneumatic* 
gan,  the  film  may  be  railed  and  propagated,  not  only  by  the  motion  of  the 
liquor  between  the  infide  of  that  and  the  glafs  *,  but  by  the  fame  liquor  in- 
finuating  itfelf  on  the  outfide  of  the  film, into  the  fmall  interfaces  of  the  fa- 
line  corpufcles  *,  as  ink  rifes  into  the  flit,  and  along  the  Tides  of  the  nib  of  a 
pen,  tho’  nothing  but  the  very  point  touch  the  furface  of  the  liquor.  And 
by  this  means  the  impregnated  folution  may,  as  it  were,  climb  up  to  the 
top  of  the  faline  concretion,  and  by  coagulating  there,  add  to  its  height. 

30.  Having  caus’d  a cylindrical  piece  of  brafs  to  be  very  carefully  To  eft i mate 

turn’d,  of  an  inch  in  diameter,  3 inches  in  length,  and  open  at  both  ends  ; the  gravity  of 
to  one  of  thefe  ends  we  exa6tly  fitted  a flat  bottom  of  the  fame  metal,  and  c?ltnder\ r°{ 
faflen’d  it  very  clofe  with  little  fcrews  on  the  outfide.  in  known 

This  inftrument,  being  balanc’d  in  an  exaft  pair  of  fcales,  was  carefully  weights . 
fill’d  with  pure  mercury,  which  we  found  to  weigh  137  drams,  and  45 
grains  ; and  multiplying  that  by  10,  there  will  arife,  for  the  weight  of  a 
mercurial  cylinder  of  one  inch  in  diameter,  and  30  inches  in  height,  about 
14  pound,  2 ounces,  and  3 drams,  troy. 

The  weight  of  a mercurial  cylinder  in  an  equilibrium  with  the  atmo- 
fphere,  and  of  an  inch  in  diameter,  being  thus  fettled,  we  may  eafily  com- 
pute the  weight  of  a cylinder  of  quick-  filver  of  another  diameter,  and  con- 
sequently the  force  of  the  preflure  of  an  atmofpherical  column  of  the  fame 
diameter  ; for  fince  cylinders  of  equal  heights  are  to  one  another,  as  their 
bafes  •,  and  the  bafes  of  cylinders  to  each  other  as  the  fquares  of  their  dia- 
meters *,  and  laftly , fince  we  here  fuppofe  mercury  a homogeneous  body  ; 
the  mercurial  cylinders  will  be  to  each  other  in  weight,  as  they  are  in 
bulk  ; if  then,  for  inftance,  we  would  know  the  weight  of  a cylinder  30 
inches  high,  whofe  diameter  is  2 inches,  the  rule  is  this : as  the  fquare  of 
the  diameter  of  the  ftandard  cylinder,  whofe  weight  is  known,  to  the 
fquare  of  the  diameter  of  the  cylinder  propos’d  ; fo  is  the  bulk  of  the  for- 
mer to  the  bulk  of  the  latter,  and  the  weight  of  that  to  the  weight  of  this. 

Thus  the  fquare  of  one  inch,  the  diameter  of  the  ftandard  cylinder,  being 
one,  and  the  fquare  of  two,  the  diameter  of  the  cylinder  given,  being  four ; 
the  bulk  or  folid  content  of  this  latter  cylinder,  and  confequently  its 
weight,  will  be  four  times  as  great  as  thofe  of  the  ftandard  cylinder. 

31.  We  took  a fmall  vigorous  load-ftone,  cap’d  and  fitted  with  a loofe  The  attractive 
plate  of  fteel,  fo  fhaped,  that  when  fuftain’d  by  the  ftone,  we  could  hang,  virtue  °f tbe 
at  a little  crook  that  came  out  of  the  midft  of  it,  and  pointed  downwards,  ^exhau/ted 
a fcale ; into  which  we  put  weights ; and  then,  by  fhaking  the  load-ftone,  receiver . J 

as  much  as  we  guefs’d  it  would  be  by  the  motion  of  the  engine,  we  found 
the  greateft  weight,  that  we  prefum’d  it  would  fupport,  notwithftanding 
the  agitation  whereto  it  would  be  expos’d,  was,  befides  the  iron  plate 
and  the  fcale,  6 ounces  troy : and  if  we  added  half  an  ounce  more,  the 
whole  weight  appear’d  too  eafy  to  be  fhaken  off.  This  done,  we  hung 
the  load-ftone  with  all  the  weight  it  fuftain’d,  at  a button  of  glafs  faft- 
"n’d  to  the  top  of  the  infide  of  the  receiver,  when  it  was  firft  blown ; and 
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fice be  fiopt. 
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tho*  in  about  12  exfu&ions  we  ufually  emptied  fuch  receivers,  as  much, 
as  was  requifite  for  moft  experiments  ; yet  this  time  we  made  above 
twice  that  number  ; when  violently  fhaking  the  engine,  without  thereby 
{halting  off*  the  weight  that  hung  at  the  load-done,  the  iron  feem’d  to 
be  very  nearly  as  firmly  fudain’d  by  it,  as  before  the  air  began  to  be 
pump’d  out ; for  the  extraction  of  the  air,  tho'  it  be  not  fuppos’d  to 
weaken  the  precife  power  of  the  load-done  •,  yet  it  mud  lefien  its  power 
to  fudain  the  deel,  becaufe  this  in  fo  thin  a medium  mud  weigh  hea- 
vier than  in  the  air. 

32.  We  took  a brafs  fyringe,  the  barrel  about  6 inches  in  length*  and 
the  diameter  about  an  inch  and  3 eighths  •,  and  having,  by  placing  a thin 
bladder  about  the  fucker,  and  pouring  oil  into  the  barrel,  made  the  indru- 
ment  danch,  whild  the  fucker  mov’d  without  much  difficulty  *,  we  thrud 
this  to  the  bottom  of  the  barrel  to  exclude  the  air  *,  and  having  laid  afide 
the  dender  pipe  of  the  fyringe,  we  carefully  dopt  the  orifice  to  which  the 
pipe,  in  thefe  indruments,  is  ufually  fcrew’d  ; then  drawing  up  the  fuc- 
ker, we  let  it  go,  to  judge,  by  the  violence  with  which  it  would  be  driven 
back  again,  whether  the  fyringe  were  fit  for  our  purpofe  •,  and  finding  it 
to  be  fo,  we  faden’d  a ponderous  piece  of  iron  to  keep  it  down  *,  and  then 
fixing  to  the  handle  of  the  rammer  one  end  of  a dring,  whofe  other  end 
was  ty’d  to  the  turn-key,  we  convey’d  this  fyringe,  and  the  weight  be- 
longing to  it,  into  a receiver  *,  and  having  pump’d  out  the  air,  we  began 
to  turn  the  key,  thereby  to  fliorten  the  dring  that  ty’d  the  handle  of  the 
fyringe  to  it,  and  found  no  refidance  in  drawing  up  the  fucker  from  the 
bottom  of  the  cylinder. 

And  repeating  the  experiment  with  the  like  fuccefs,  when  the  receiver 
being  exhauded,  we  had  drawn  up  the  fucker,  almod  to  the  top  of  the 
barrel  by  a weak  dring,  we  kept  the  parts  of  the  fyringe  in  that  podure,. 
till  a pafiage  was  open’d  to  the  outward  air  *,  upon  which  the  fucker  was 
fo  forcibly  deprefs’d,  that  it  broke  the  dring,  and  was  violently  driven 
back  to  the  lower  part  of  the  barrel  i tho’  the  dring  had  fudain’d  be- 
tween 4 and  5 pound  weight,  and  broke  long  before  all  the  air,  that 
flow’d  in  to  fill  the  receiver,  had  found  entrance. 

Again,  we  took  the  fame  fyringe,  and  having  found  it  tight  enough, 
for  our  purpofe,  we  carefully  clos’d  the  vent  with  a cork  and  cement,  and 
having  ty’d  a weight  of  2 pound  2 ounces  to  the  barrel,  we  fufpended 
the  rammer  of  the  fyringe,  by  a dring,  in  a large  receiver  ; and  caufing 
the  pump  to  be  ply’d,  we  made  1 1 or  12  exfudlions,  without  finding  any 
appearance  of  change  in  the  fyringe  i but  caufing  the  pumping  to  be  con- 
tinu’d, I perceiv’d,  within  2 or  3 exfudlions  more,  the  cylinder  began  to 
be  drawn  very  flowly  down,  by  the  weight  hanging  at  it  i and  likewife 
try’d,  that,  jud  upon  a frelfi  exfudlion,  the  defcent  would  be  manifedly 
accelerated.  And  when  we  had  fuffer’d  the  barrel  and  weight  to  Aide 
down  as  far  as  we  thought  fit,  we  let  in  the  external  air,  which  rais’d  them 
both  again  much  fader  than  they  had  fubfided. 
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And,  fubftituting  a far  heavier  weight  for  the  former,  the  depreflion  Pneumatics 
of  the  barrel  of  the  fyringe  fucceeded  for  two  or  three  times,  fucceftive- 
ly,  much  fooner  than  before. 

33.  Having  cemented  up  the  hole  at  the  bottom  of  the  fyringe,  we  ty’d  a fyringe  cau* 
to  the  barrel  a hollow  piece  of  iron,  that  ferved  fora  fcale;  into  which  w tfing  the  pref- 
put  weights,  fucceflively,  to  try  if,  when  the  fucker  was  forcibly  drawn^"*'  of  the  air 
up,  and  held  fteddily,  in  its  higheft  ftation,  the  weight,  faften’d  to  ^f/erable 
barrel,  which  was  held  down  whiift  the  fucker  was  drawn  up,  and,  after  -weight. 
wards,  let  go,  would  be  confiderably  rais’d.  And,  when  we  perceiv’d,  Fig.  52« 
that  the  addition  of  half  a pound,  or  a pound,  more,  would  make  the 

weight  too  great  to  be  fo  rais’d  ; we  forbore  to  put  in  that  increafe  of 
weight:  and,  having  ty’d  the  handle  of  the  rammer  to  the  key,  we  con- 
vey’d the  fyringe,  together  with  its  clog,  into  a receiver;  out  of  which,  a 
convenient  quantity  of  air  being  pump’d,  we  were,  thereby,  eafily  en- 
abled to  draw  up  the  fucker,  without  the  cylinder : after  which,  having 
let  in  the  air,  fo  that  the  weight  was  rais’d  a little,  I caufed  two  pound  to 
be  taken  out ; and  then  the  receiver,  being  fomewhat  exhaufted,  and  the 
air  admitted  ; the  clog,  which  amounted  to  about  fixteen  pound,  was 
fwiftly  rais’d,  and,  as  it  were,  fnatch’d  up  from  the  middle,  to  the  up- 
per part  of  the  rammer. 

34.  We  took  a fmall  receiver,  (haped  like  a pear,  cut  off,  horizontal-  The  afeentof 
iy,  at  both  ends ; we,  alfo,  took  the  fyringe,  formerly  mention’d,  and  ha-  ll(j“ors  in  fy~ 
ving  cemented  thereto,  inftead  of  its  own  brafs-pipe,  a fmall  pipe  of  glafs,  £ 7t%eprejfure 
about  half  a foot  in  length,  we  put  this  fyringe  in  at  the  narrow  end  of  of  the  air. 
the  receiver ; to  whofe  orifice  was,  afterwards,  carefully  cemented  the 

brafs  cap,  with  the  key,  whereto  we  ty’d  the  handle  of  the  rammer:  then.  Fig.  53, 
having  conveniently  placed,  upon  the  engine,  a very  fhort  thick  conical 
glafs,  containing  a fufHcient  quantity  of  quick-filver  ; we  fet  the  receiver 
over  it,  fo  that  the  lower  end  of  the  pipe  of  the  fyringe  reach’d  almoft  to 
the  bottom  of  this  glafs ; and,  confequently,  was  immers’d  far  beneath 
the  furface  of  the  quick-filver  : when,  all  things  being  prepared,  the 
air  was  pump’d  out  of  the  receiver,  and,  confequently,  out  of  the  lit- 
tle glafs  that  held  the  mercury  ; the  fucker  being  warily  drawn  up  ; 
we  could  not  fee  the  quickfilver  afeend  to  follow  it : but  the  air  being  let 
(lowly  into  the  receiver,  the  mercury  was  quickly  impell’d  up  to  the  top 
of  the  glafs-pipe. 

And,  for  farther  fatisfa&ion,  when  the  experiment  was  repeated,  we 
plainly  obferv’d,  that  tho’,  when  the  receiver  being  not  yet  exhauft- 
ed, the  fucker  was  drawn  up  but  one  inch,  the  mercury  would  be  rais’d 
to  the  upper  part  of  the  glafs-pipe  of  the  fyringe  ; yet,  after  the  exhauft- 
ing  of  the  receiver,  tho’  the  fucker  was  drawn  up  twice  as  high,  there 
appeared  no  afeent  of  the  mercury  in  the  pipe. 

To  confirm  this  experiment,  we  caus’d  the  fyringe  to  be  ty’d  faft  to  a 
ponderous  body,  that  might  keep  the  cylinder  unmov’d,  when  the  fucker 
fhould  be  drawn  up ; we  alfo  cemented  to  the  vent,  or  ferew,  at  the  bot- 
tom of  the  fyringe,  a pipe  of  glafs,  about  two  inches  long  ; and,  having 

placed 
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Pneumatics  piaced  the  heavy  body  upon  a pedeftal  of  a convenient  height,  that  the 
glafs-pipe  might  be  all  feen  beneath  it  *,  and  a very  low  vial,  almoft 
fill’d  with  quick-filver,  might  be  fo  placed  underneath  the  pipe,  that 
the  ftagnant  mercury  reach’d  far  above  the  immers’d  orifice  of  the 
faid  pipe  : when  things  being  thus  provided,  and  the  handle  of  the  ram- 
mer ty’d  to  the  key,  belonging  to  the  brafs-cover  of  the  receiver,  this 
veffel  was  cemented  to  the  engine,  and  exhaufted. 

We  then  look’d  upon  the  glafs-pipe  above-mention’d,  and,  being  able 


to  fee  thro’  it,  we,  by 


the  firing. 


drew  up  the  fucker  to  a confiderable 


height,  but  could  not  perceive  the  pipe  to  be  fill’d  with  any  fucceeding 
mercury  •,  but,  warily  letting  in  fome  air,  we  quickly  faw  the  mercury 
impell’d  to  the  very  top  of  the  pipe  *,  and  concluded,  from  the  quantity 
rais’d,  that  fome  was  alfo  driven  into  the  cavity  of  the  cylinder.  This  ex- 
periment alfo  we  fuccefsfully  try’d  with  tinged  fpirit  of  wine.  Hence  it 
appears,  that  if  a fyringe  were  made  ufe  of  above  the  atmofphere, 
neither  the  ftopping  of  the  pipe  would  hinder  the  eafy  drawing  up  of 
the  fucker ; nor  the  drawing  up  the  fucker,  tho’  the  pipe  were  notftopp’d, 
raife,  by  fudtion,  the  liquor  wherein  the  pipe  was  immers’d. 

The adhefionof  ^ We  took  a glafs,  about  an  inch  and  half  in  diameter,  but  much 
'depends  l°nger  than  an  ordinary  cupping-glafs  of  that  breadth  j we  alfo  provided 

the  prejfure  of  a receiver,  ihaped  like  a pear,  and  open  at  both  ends,  at  the  (harper 
the  air.  whereof,  there  was  a fmall  orifice*,  but,  at  the  obtufer,  a fhort  neck, 

54'  wide  enongh  to  admit  the  cupping-glafs,  without  touching  the  fides  of  it. 

The  fmaller  orifice  of  the  receiver  being  cemented  to  the  engine,  1 caus’d 
the  cupping-glafs  to  be  well  faften’d,  with  the  mouth  upwards,  to  the 
palm  of  a perfon’s  hand  ; then  caus’d  him  to  put  it  into  the  receiver, 
and  lay  his  hand  fo  upon  the  orifice,  that  it  might  ferve  for  a cover  to  it, 
and  hinder  any  air  from  getting  in  between  them:  but,  upon  the  firft  fuck, 
the  cupping-glafs  fell  off  * the  weight  of  the  atmofphere  prefling  fo  ftrong- 
ly  upon  the  perfon’s  hand,  that  he  complain’d,  he  could  very  hardly  take 
it  from  the  glafs,  into  which  it  was  almoft  thruft.  We  repeated  the  ex- 
periment, faftening  the  cupping-glafs  more  ftrongly  than  before  ; the  tu- 
mour occafion’d  whereby,  was  very  vifible : but  now  alfo,  as  before,  at 
the  very  firft  turning  of  the  ftop-cock,  to  let  the  air  out  of  the  receiver, 
. , the  cupping-glafs  fell  off. 

grea  mig  ^5  We  took  the  brafs-ring,  formerly  mention’d,  and  cover’d  it  with  a 


rais'd  by  a cup 
ping- glafs 
zvithout  heat. 


55- 


wet  bladder, which  was  fo  ty’d  on,  that  the  bottom  of  the  bladder  cover’d 
the  upper  orifice  of  the  ring,  and  lay  ftretch’d  upon  it  whilft  the  neck  of 
the  bladder  was  ty’d  with  a firing,  near  the  middle  of  the  lower  orifice 
of  the  ring  *,  and,  in  this  lower  part  of  the  bladder,  we  made  two  or  three 
fin  ill  holes,  for  the  air  to  pafs  in  and  out  at:  then  having  placed,  at  the 
bottom  of  our  capp’d  receiver,  a thick  piece  of  wood,  perforated  to  re- 
ceive the  neck  of  the  bladder  j we  placed  the  cover’d  ring  upon  this  piece 
of  wood,  fo  that  the  upper  part  of  the  bladder  lay  parallel  to  the  horizon ; 
then  we  fufpended,  at  the  key  belonging  to  the  cap  of  our  receiver,  a 
blind  glafs-head,  inftead  of  a cupping-glafs,  which  name  it  may  bear  ; 

i and 
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a large 


ring  of 
cemented 


metal 


and  to  the  upper  part  of  this  glafs,  we  fatten’d 
prefs  it  againft  the  bladder.  The  receiver  being  now  cemented  on  to  the 
engine,  we,  by  the  help  of  the  key,  letdown  the  cupping-glafs  till  italmoft 
touch’d  the  level  fuperficies  of  the  bladder ; and  when  the  receiver  was  mo- 
derately exhaufted,  we  let  down  the  cupping-glafs  a little  lower,  fo  that  it 
retted  upon  the  bladder,  and  touch’d  it  with  all  the  parts  of  its  orifice 
whence  the  cupping-glafs  with  its  fubjacent  bladder  was  become  an  inter- 
nal receiver  wherein  the  air  was  confiderably  expanded.  Then  we  warily 
let  the  air  into  the  receiver,  and  thereby  the  air  that  furrounded  the  cup- 
ping-glafs or  internal  receiver,  having  now  a ftronger  preffure  than  that  in 
the  cupping-glafs  could  refill,  the  bladder  on  which  the  cupping-glafs  rett- 
ed, was  confiderably  thrutt  into  the  cavity  of  the  glafs,  and  made  to  flick 


Pneumatic* 


very  clofe  to  the  orifice  of  it. 

Repeating  the  experiment,  and  exhaufting  the  receiver  further  than  Fig.  56, 
before,  we  took  out  the  cupping-glafs  and  the  bladder,  which,  toge- 
ther with  the  included  brafs-ring  was  hanging  at  it ; and  having  ty’d  the 
glafs  to  the  hook  of  a ftatera,  and  a large  fcale  to  the  neck  of  the  bladder, 
we  put  weights,  by  degrees,  into  the  fcale,  till  we  thus  forced  off  the  blad- 
der from  the  glafs  ; which  hapned  not  till  the  weight  amounted  to  thirty- 
live  pound. 

37.  We  caus’d  a pair  of  bellows  to  be  made  different  from  ordinary  ones,  Bellows. , with 
their  boards  being  circular,  without  handles,  and  withoutclack  or  valve,  th q the  nofe  flopp'd, 
nofe  but  an  inch  long,  to  belengthned,  if  occafion  required,  with  a pipe,  and  °Pe^n  ^ °f  thfm~ 
about  fix  inches  indiameter,  theleather  being  limber  ; fo  that  when  the  bel  th^prej^re^f 
lows  were  open’d  to  their  full  extent,  by  drawing  up  the  upper  bafis  at  a button  the  air  is  taken 
purpofely  madeinthemidftof  it,  they  refembled  a cylinder  16  or  18  inches?^- 
high  ; but  there  was  fome  little  and  unperceiv’d  leak  in  them,  whereat  air  had^*  5* 
paffage,  when  the  nofe  was  accurately  flopp’d  ; however,  if  we  drew  up 
the  upper  bafis  from  the  lower,  the  external  air  would,  onallfides,  prefs  the 
leather  inward,  and  render  the  fhape  of  the  inftrument  very  far  from  cy- 
lindrical.Then  carefully  flopping  the  nofe,  after  we  had  brought  the  bafesto 
touch  each  other, and  conveying  the  inftrument  into  a large  receiver,  it  quick- 
ly appear’d,  when  the  pump  was  feton  work,  that,  at  every  exfudlion,  the 
air  in  the  folds  of  the  leather,  and  the  reft  of  the  little  cavity  left  between  the 
bafes,  made  the  upper  of  them  manifeftly  rife*,  tho’  its  own  weight  would 
foon  after  deprefs  it  again,  either  by  driving  out  fome  of  the  air,  where 
the  inftrument  was  not  fufficiently  right,  or  by  making  it,  as  it  were, 
flrain  thro*  theleather  itfelf:  and  if  the  pump  were  ply’d  fatter  than  ordi- 
nary, the  upper  part  of  the  bellows  would  be  foon  rais’d  to  a confiderable 
height;  as  appear’d  more  evidently,  if  we  haftily  let  in  the  external  air, 
whereby  the  bafes  would  be  clapt  together,  and  the  upper  of  them  confi- 
derably deprefs’d ; fo  that  the  imperfedlion  of  the  bellows  render’d  the  ex- 
periment rather  more  than  lefs  conclufive : for  fince  there  was  no  external 
force  apply’d  to  open  them,  if,  notwithftanding  fome  of  the  included  air 
could  get  out,  thefpring  of  the  internal  air  was  ftrong  enough  to  open 
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the  bellows,  when  the  ambient  air  was  withdrawn,  much  more  would 
the  effedt  have  been  produced,  if  the  bellows  had  been  perfectly  ftanch. 
An  attempt  to  3 8-  Since,  if  there  be  fuch  a thing  as  a celeftial  matter,  or  tether,  it  mull 

examine  the  compofe  far  the  greateft  part  of  the  univerfe  known  to  us  ; it  deferves  to 
'tether,  as  to  be  en(luir’d>  whether  we  can,  by  fenfible  experiments,  difcover  its  exit 
its  exigence . ilence,  or  qualities.  To  this  end  I thought  our  pneumatical  engine  might 
-contribute,  if  I could  manage  therein  fuch  a pair  of  bellows  as  1 defign’d  ; 
for  I propofed  to  fatten  a convenient  weight  to  the  upper  bafis,  and  clog 
the  lower  with  another,  able  to  keep  it  horizontal,  and  immoveable,  fo 
that  when,  by  the  help  of  the  turn-key,  the  upper  bafis  fliould  be  raised  to 
its  full  height,  the  cavity  of  the  bellows  might  be  brought  to  its  full  di- 
menfions.  This  done,  I intended  to  exhauft  the  receiver,  and,  confequent- 
Jy,  the  bellows  thus  open’d  ; fo  that  both  the  receiver,  and  they,  might  be 
carefully  freed  from  air  : after  which,  I purpos’d  to  Jet  go  the  upper  bafe 
of  the  bellows,  that  being  haftily  deprefs’d  by  the  incumbent  weight,  it 
might  fuddenly  fall  down  to  the  lower  ; and  by  thus  greatly  lelfenin^ 
the  cavity,  expel  thence  the  matter,  if  any  there  were,  before  con- 
tain’d in  it ; and  that,  if  it  could,  by  this  way  be  done,  at  the  hole  of  a 
ttender  pipe,  fatten’d  either  near  the  bottom  of  the  bellows,  or  in  the  up- 
per bafis,  againtt,  or  over  the  orifice  of  which  pipe,-  there  might  be  pla- 
ced, at  a convenient  diftance,  either  a feather,  or  the  fail  of  a httle  wind- 
mill, made  of  fome  other  light  body,  fit  to  be  put  into  motion  by  the 
impulfe  of  any  matter  which  fhould  be  forced  out  of  the  pipe. 

Now,  if  by  thismeans,  notwithftanding  theabfence  of  the  air,  it  fhould 
appear,  that  a ftream  of  other  matter,  able  to  fet  vifible  bodies  in  mo- 
tion, fhould  ittiie  out  at  the  pipe  of  the  comprefs’d  bellows,  it  would  alfo 
appear,  that  there  may  be,  plentifully,  found  a much  fubtiler  body  than 
common  air,  in  places  deferted  by  fuch  air : and  that  it  is  not  fafe  to  con- 
clude, from  the  abfence  of  the  air,  in  our  receivers,  and  the  upper  part  of 
the  Torricellian  tube,  that  there  is  no  body,  but  an  abfolute  vacuity.  But 
if,  on  the  other  fide,  there  fhould  appear  no  motion  at  all  to  be  produc’d, 
fo  much  as  in  the  feather,  it  fliould  feem,  that  either  the  cavity  of  the  bel- 
lows was  abfolutely  empty  ; or  that  it  would  be  very  difficult  to  prove, 
by  any  fenfible  experiment,  that  it  was  full.  And  if,  by  any  other  means, 
it  be  demonftrable,  that  it  was  replenifh’d  with  aether,  we  might  fuppofe^ 
from  our  experiment,  that  *tis  not  eafy  to  make  it  fenfible  by  mechanical  ex- 
periments; and  that  ’tis  really  fofubtile,  and  yielding  a matter,  as  does  not 
either  eafily  impel  light  bodies,  or  fenfibly  refitt,  like  air,  the  motions 
of  other  bodies  thro’  it ; but  is  able,  freely,  to  pafs  the  pores  of  wood,  lea- 
ther and  clofer  fubftances,  which  the  air,  in  its  natural  ftate,  doth  not. 

58-  And,  to  make  the  trial  moreaccurate,  I caus’d  a fmall  pair  of  bellows  to  be 
made  with  a bladder ; and  that  this  might  remain  entire,  we  glued  the  two 
bafes,  the  one  to  the  bottom,  and  the  other  to  the  oppofite  part  thereof; 
fb  that  the  neck  came  out  at  a hole,  purpofely  made  for  it,  into  the  up- 
per batts  ; whence,  into  the  neck,  it  was  eafy  to  fix  what  pipe  we  judg’d 
tit.  We  had,  alfo,  thoughts  of  procuring  another  pair  of  tight  bellows, 

made 


Phyjico  - mechanical  Experiments. 

made  with  a very  little  clack  in  the  lower  bafis  ; that,  by  haftily  draw- 1 
ing  up  the  other  bafis,  when  the  receiver  and  bellows  were  very  carefully 
exhaufted,  we  might  fee  whether  the  fubtile  matter  that  was  expelPd  by 
the  upper  bafis,  in  its  afcent,  would,  according  to  the  modern  dodlrine  of 
the  circle,  made  by  moving  bodies,  be  impell’d  up,  or  not. 

We  like  wife,  thought  of  placing  the  little  pipe  of  the  bladder-bellows, 
beneath  the  furface  of  water,  exquifitely  freed  from  air,  to  fee  whether, 
upon  the  depreftion  of  them,  by  the  incumbent  weight,  when  the  receiver 
was  carefully  exhaufted,  there  would  be  any  thing  expell’d  at  the  pipe, 
produ&ive  of  bubbles  in  the  liquor,  wherein  its  orifice  was  immers’d. 

To  bring  our  conjedtures  to  a trial,  we  put  into  a capp’d  receiver,  the 
bladder,  accommodated  as  already  mentioned,  containing  between  half  a 
pint,  and  a pint  *,  and  to  deprefs  the  upper  bafis  of  thefe  little  bellows  the 
more  eafily,  and  uniformly,  we  cover’d  the  round  piece  ofpaft-board,  that 
made  the  upper  bafis,  with  a pewter  plate  *,  a hole  being  made  in  it  for  the 
neck  of  the  bladder : which  upon  trial,  prov’d  not  ponderous  enough  without 
weight  of  lead.  And  to  fecure  the  feather  above-mentioned,  from  being 
blown  afide,  we  made  it  to  move  in  a perpendicular  flit  in  a piece  of  pafl- 
board,  faften’d  to  one  part  of  the  upper  bafis  ; as  that  whereto  we  glued 
the  feather,  was  to  another  part.  Things  being  thus  provided,  the  pump 
was  work’d  *,  and  as  the  ambient  air  was,  from  time  to  time,  withdrawn, 
that  in  the  bladder  expanded  itfelf  fo  as  to  lift  up  the  metalline  weight, 
and  yet,  in  part,  to  fally  out  at  the  little  glafs  pipe  of  our  bellows  ; as  ap- 
pear’d by  its  blowing  up  the  feather,  and  keeping  it  fufpended,  till  the 
fpring  of  the  air  in  the  bladder  was  too  far  weakned.  In  the  mean  time, 
we  did,  now  and  then,  by  the  help  of  a firing  faftned  to  the  turn-key,  and 
the  upper  bafis  of  the  bellows,  let  down  the  bafis  a little,  toobferve  how, 
upon  its  finking,  the  blaft,  againft  the  feather,  would  decreafe,  as  the  re- 
ceiver was  further  exhaufted.  And  when  we  judg’d  it  to  be  fufiiciently 
freed  from  air,  we  let  down  the  weight,  but  could  not  perceive  that,  by 
Shutting  the  bellows,  the  feather  was  at  all  blown  up  as  before  ; tho’  the 
upper  bafis  were  more  than  ufually  deprefs’d.  And  yet  it’s  fomewhat  odd, 
that  when,  in  order  to  a further  trial,  the  weight  was  drawn  up  again  *,  as 
the  upper  bafis  rofe  from  the  lower,  the  fides  of  the  bladder  were  fenfibly 
prefs’d,  or  drawn  inwards.  The  bellows  being  thus  open’d,  we  let 
down  the  upper  bafis  again,  but  could  not  perceive  that  any  blaft  was  pro- 
duc’d •,  for  though  the  feather,  which  lay  juft  over,  and  near  the  orifice  of 
the  little  glafs  pipe,  had  fome  motion,  yet  this  feem’d  plainly  to  be  but 
a fhaking,  and  almoft  vibrating  motion,  whereinto  it  was  put  by  the 
upper  bafis,  which  the  firing  kept  from  a fmooth  and  uniform  defcent  : 
but  not  to  proceed  from  any  bjaft,  ififuing  out  of  the  cavity  of  the  bladder. 
And,  for  further  fatisfadlion,  we  caufed  fome  air  to  be  let  into  the  re- 
ceiver ; becaufe  there  was  a pofiibility  that  the  {lender  pipe  might,  by  fome 
accident,  be  choaked:  but  tho’,  upon  the  return  of  the  air  into  the  recei- 
ver, the  bafes  of  the  bellows,  were  prefs’d  clofer  together,  yet  it  feem’d 
that  fome  little  air  got  thro’  the  pipe,  into  the  cavity  of  the  bladder  \ for 
Vol.IL  Ttt  when 
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Pneumatics  when  we  began  again  to  withdraw  the  air  that  was  let  into  the  receiver. 


the  bladder  began  to  fwell  again,  and,  upon  letting  down  the  weight,  to 
blow  up,  and  fuftain  the  feather,  as  happen’d  before  the  receiver  had  been 
fo  well  exhaufted. 

39.  I caus’d  a crooked  pipe  to  be  made  for  the  fyringe,  formerly  men- 
tion’d, inftead  of  its  (trait  one,  whofe  (horter  leg  was  parallel  to  the  lon- 


Fig.  59.  ger.  And  this  pipe,  after  being  fcrew’d  on  carefully,  was  cemented  to  the 


barrel  ; and  becaufe  the  brafs-pipe  could  fcarce  be  made  fmall  enough, 
we  caufed  a fhort  and  (lender  pipe  of  glafs,  to  be  put  into  the  orifice  of 
the  (liorter  leg,  and  carefully  faften’d  to  it  with  cement.  Then  the  fucker 
being  made  to  gofmooth,  without  lefiening  the  (taunchnefs  of  the  fyringe, 
there  was  faften’d  to  the  handle  of  the  rammer,  a weight  made  in  the 
form  of  a ring,  or  hoop  i which,  by  reafon  of  its  figure,  might  be  fufpended 
from  the  handle  of  the  rammer,  and  hang  loofe  on  the  outfide  of  the  cy- 
linder, and  which,  both  by  its  figure  and  weight,  might  eafily,  and  fwiftly 
deprefs  the  fucker,  when  drawn  up.  The  fyringe,  thus  furnifh’d,  was 
faften’d  to  abroad,  heavy  pedeftal,  to  keep  it  in  its  vertical  pofture,  and  to 
hinder  it  from  tottering,  notwithftanding  the  weight  thatclogg’d  it.  Befides 
all  this,  we  took  a feather,  about  two  inches  long, of  which  there  was  left,  at 
the  end,  apart  about  the  breadth  of  a man’s  thumb-nail,  to  cover.the  orifice 
of  the  (lender  glafs  pipe  of  the  fyringe  j for  which  purpofe,  the  other  extre- 
mity of  it  was  fo  faften’d,  with  cement,  to  the  lower  part  of  the  fyringe, 
that  the  broad  end  of  the  feather  ftood  juft  over  the  little  orifice  of  the 
glafs,  at  fuch  a convenient  diftance,  that  when  the  fucker  was  a little 
drawn  up,  and  let  go  again,  the  weight  would  deprefs  it  faft  enough  to 
blow  up  the  broad  part  of  the  feather.  The  handle  of  the  rammer,  being 
now  ty’d  to  the  turn-key  of  a capp’d  receiver,  the  fyringe,  and  its  pe- 
deftal, were  inclofed  in  a capacious  receiver  ; and  the  pump,  being  fet  on 
work,  we,  after  fome  quantity  of  air  was  drawn  out,  rais’d  the  fucker  a 
little,  by  the  help  of  the  turn-key  : and,  then,  turning  the  fame  key  the 
contrary  way,  we  fuffer’d  the  weight  to  deprefs  the  fucker,  to  fee  how 
the  feather  would  be  blown  up-,  and,  finding  that  it  was  impeH’d,  forcibly, 
we  continued  to  pump,  by  paufes  ; during  each  of  which,  we  rais’d  and 
deprefs’d  the  fucker,  as  before  •,  and  oblerv’d,  that  as  the  receiver  was 
gradually  exhaufted  of  air,  the  feather  was  lefs  brifkly  driven  up,  till, 
at  length,  when  the  receiver  was  well  empty’d,  the  ufual  elevations  and 
depreflions  of  the  fucker  would  not  blow  it  up  at  all,  tho’  they  were  far 
more  frequently  repeated  than  before. 

After  we  had  long  tried,  in  vain,  to  raife  the  feather,  fome  air  was  let 
into  the  receiver ; and  tho’,  when  but  very  little  air  was  admitted,  the 
motions  of  the  fucker  had  fcarce  any  fenfible  effedt  upon  the  feather  ; yet 
when  the  quantity  began  to  be  confiderable,  the  feather  began  to 
move  a little  upwards  ; and  fo  letting  in  air,  not  all  at  once,  but  fucceftive- 
iy,  and  moving  the  fucker  up  and  down,  in  the  intervals  of  thofe  times 
of  admiflion  -,  weobferv’d,  that  as  the  receiver  contain’d  more  air,  the 
feather  was  more  brifkly  blown  up. 


But, 
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But,  not  content  with  a Tingle  t*al,  we  caus’d  the  receiver  to  be  again  Pn“^ic! 
exhaufted,  and  profecuted  the  experiment  with  the  like  fuccefs  •,  only 
having,  after  the  receiver  was  exhaufted,  drawn  up,  and  let  fall  the 
fucker,  leveral  times,  ineffectually  ; having,  hitherto,  not,  ufually,  rais’d 
it  by  more  than  one  turn  of  the  hand  ; we  now  ufed  an  inftrument 
that  was  tolerably  long,  and  fit  to  take  hold  of  the  turn-key,  fo  that  we 
could  eafily  raife  the  fucker  between  two  and  three  inches  at  a time, 
and  fuddenly  deprefs  it  again  : yet  for  all  this,  which  would  much  have 
increas’d  the  blaft,  if  there  had  been  a matter  fit  for  it  in  the  cavity  of  the 
fyringe,  we  could  not,  fenfibly,  blow  up  the  feather,  till  we  had  let  a 
little  air  into  the  receiver.  But,  now,  inftead  of  the  brafs-pipe,  hitherto 
employ’d,  we  cemented  one  of  glafs  to  the  fyringe  ; its  fhorter  leg,  after  Fig.  60. 
it  had,  for  a while,  run  parallel  to  the  other,  being  bent  off  fo,  that  above 
an  inch  and  a half  of  it  tended  downwards  ; whereby  the  orifice  of  it  might 
be  immers’d  in  the  water  contain’d  in  a fmall  open  jar.  The  defignof  this 
contrivance  was,  that  when  the  receiver  fhould  be  well  exhaufted,  we 
might  try  whether,  by  raifing  and  depreffing  of  the  fucker,  any  fuch  mat- 
ter would  be  driven  out  at  thenofeof  the  pipe,  as  would  produce  bubbles 
in  the  incumbent  water ; which, air,  tho’  highly  rarify’d,is  capable  of  doing. 

The  only  particulars,  wherein  this  experiment  differ’d  from  the  former, 
were  thefe.  As  the  air  was  here  pump’d  out  of  the  receiver  ; that  in  the 
glafs-pipe  made  its  way  thro’  the  water,  in  bubbles.  And  a little  air 
having  once,  by  a fmall  leak,  got  in,  and  forc’d  fome  of  the  water  out 
of  the  jar  into  the  pipe  ; when  the  receiver  was  again  well  empty’d,  both 
that  water,  and  the  little  ftagnant  quantity  contain’d  in  the  immers’d  part 
of  the  pipe,  produced  fo  many  bubbles,  of  feveral  fizes,  as  quite  difturb’d 
our  observations.  Wherefore,  we  let  alone  the  receiver,  exhaufted  as  it 
was,  for  fix  or  feven  hours,  that  the  water  might  free  itfelf  from  air  ; and 
then  caufing  what  air  might  have  ftolen  in,  to  be  again  pump’d  out,  till 
we  perceived,  by  the  gage,  that  the  receiver  was  well  exhaufted,  we  caus’d 
the  fucker  of  the  fyringe  to  be  rais’d  and  deprefs’d  feveral  times  ; and  tho’ 
even  then,  a bubble  would,  nowand  then,  difturb  our  obfervations,  yet, 
when  we  were  not  thus  confounded,  we  fometimes  obferv’d,  that  the  ele- 
vation and  fall  of  the  fucker,  tho’  repeated,  did  not  drive  out  at  the  pipe, 
any  thing  that  made  difcernible  bubbles  in  the  incumbent  water  : for  tho' 
fome  fmall  bubbles  would  rarely  appear  on  the  furface  of  the  water,  yeti 
could  notperceive,  that  the  matter  which  made  them,  iffued  out  of  the  pipe*, 
and  fome  of  them  manifeftly  proceeded  from  aerial  particles,  ftill  lurking 
in  the  water,  as  I concluded  from  the  place  and  time  of  their  rifing.  But,  at 
length,  we  obferv’d,  the  water,  in  the  immers’d  part  of  the  pipe,  which 
was  very  fiender,  to  be  about  an  inch  higher  than  the  reft  of  the  ftagnant 
water,  and  to  continue  at  that  height  in  the  pipe,  tho’  the  fucker  were,  fe- 
veral times  together,  rais’d  and  deprefs’d,  between  two  and  three  inches  at 
once  ; which  Teem’d  to  argue,  that  there  was  a vacuum  in  the  cavity  ofthe 
fyringe : or  if  it  were  full  of  aether,  this  was  fo  fubtile,  that  the  impulfe  it 
receiv’d  from  the  falling  fucker,  would  not  make  it  difplace  that  very  fien- 
der thread  of  water  in  the  fmall  pipe  ; though  it  appear’d  by  the  bubbles, 
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A light  body 
falling  in  the 
exhaufted  re- 


ceiver, 


Fig.  61. 


Pneumatics  which  lometimes  difclos’d  themfelves  in  the  water,  after  the  receiver  had 
been  exhaufted,  that  far  more  water  would  be  difplaced,  and  carried  up  by 
a fmall  bubble,  confiding  of  air,  fo  rarified,  that,  according  to  my  efti- 
mate,  the  particles  of  it  did  not,  before  the  pump  was  firft  let  on  work, 
poffefs,  in  the  water,  a five  hundredth  part  of  the  fpace  of  a pin’s  head. 

40.  We  took  a receiver  twenty-two  inches  high  and,  that  we  might 
let  a body  fall  therein,  we  fo  faften’d  a fmall  pair  of  tongs  to  the  in- 
fide  of  its  brafs-cover,  that,  by  moving  the  turn-key,  we  might  by 
a firing,  open  them  *,  which  their  own  fpring  would,  otherwife,  keep  fhut: 
we  then  join’d,  crofs-wife,  four  broad  light  feathers,  each  about  an  inch 
long,  at  their  quills,  with  a little  cement  *,  into  which  we,  alfo,  ftuck,  per- 
pendicularly, a fmall  label  of  paper,  about  the  eighth  of  an  inch  in  breadth, 
and  fomewhat  more  in  height-,  by  which  the  tongs  might  take  hold  of 
our  light*  inftrument,  without  touching  the  cement,  which,  elfe,  might  flick 
to  them.  By  the  help  of  this  fmall  piece  of  paper,  the  little  inftrument, 
of  which  it  made  a part,  was  fo  held  by  the  tongs,  that  it  hung  horizon- 
tal and  then  the  receiver,  being  cemented  to  the  engine,  the  pump  was 
diligently  ply’d,  till  it  appear’d,  by  a gage,  that  the  receiver  had  been 
thoroughly  exhaufted.  Laftly,  our  eyes,  being  attentively  fixed  upon  the 
connedled  feathers,  the  tongs  were,  by  the  help  of  the  turn-key,  open’d, 
and  the  little  inftrument  let  fall ; which,  tho’,  in  the  air,  it  had  made  fome 
turns  in  its  defcent  from  the  fame  heighth, whence  it  now  fell ; yet  it  herede- 
fcended  like  a dead  weight,  without  being  perceived  to  make  a fingle  turn, 
or  a part  of  one.  However,  I caufed  the  receiver  to  be  taken  off,  and  put 
on  again,  after  the  feathers  were  taken  hold  of  by  the  tongs  ; whence, 
being  let  fall  in  the  glafs,  unexhaufted,  they  made  lome  turns  in  their  de- 
fcent *,  as  they, alfo,  did,  being  let  fall  a fecond  time,  after  the  fame  manner. 

But  when,  after  this,  the  feathers  being  placed,  as  before,  we  repeated 
the  experiment,  carefully  pumping  out  the  air,  we  could  not  perceive  any 
turning  in  the  defcent  yet  for  farther  fecurity,  we  let  them  fall  twice 
more,  in  the  unexhaufted  receiver  ; and  found  them  to  turn  in  falling  : but 
when  we  did,  a third  time,  fet  them  loofe  in  the  receiver,  well  exhaufted 
they  fell,  after  the  fame  manner  they  had,  in  the  fame  cafe,  done  before. 

41.  We  caus’d  a cylinder  ofboxto  be  turn’d  of  a length  fuitable  to  that 
of  the  receiver,  wherein  it  was  to  be  employ’d.  Out  of  the  lower  bafts  of 
■in  an  exhaujl-  this  cylinder,  which  was  about  an  inch  and  a half  in  diameter,  there  came 
d receiver.  a fma]]er  cylinder  or  axle-tree,  not  a quarter  fo  thick  as  the  other,  and  lefs 

than  an  inch  long  : this  was  turn’d  very  true,  that  it  might  move  fmoothly 
in  a little  ring  of  brafs  made  for  it  in  the  midft  of  a fix’d,  trencher,  or  piece 
of  folid  wood,  fhap’d  like  a mill-ftone ; being  four  or  five  inches  in  breadth, 
and  between  one  and  two  in  thicknefs : and  the  large  round  groove,  pur- 
pofely  made,  in  the  lower  part  of  this  trencher,  I caufed  to  be  fill’d  up 
with  lead,  to  keep  the  trencher  fteady:  and  in  the  uppermost  part  of  this 
trencher  we  intended  to  have  holes  made,  to  place  bodies  in  at  leveral  de- 
fiances, as  occafion  ftiould  require.The  upper  bafisof  the  cylinder  had,  alfo, 
another  axle-treecoming  out  of  the  midft  of  it,  but  wider  than  the  former, 
^ that 
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that  into  its  cavity  it  might  receive  the  lower  end  of  the  turn-key,  to  which  pN^T^IC3 

’twasto  be  faften’d  by  a (lender  peg  of  brafs,  tliruft  thro’  two  correfpondent 

holes,  the  one  made  in  the  turn- key,  and  the  other  in  the  focket  of  the  axle- 

tree.  There  were  alio  feveral  horizontal  perforations  made  in  the  pillar  itfelf 

to  which  this  axis  belong’d  ; which  pillar  we  call  the  vertical  cylinder. The 

general  ufe  of  this  contrivance,  is,  that  the  end  of  the  turn-key  being  put 

into  the  focket,  and  the  lower  axis  of  the  vertical  cylinder  into  the  trencher; 

by  the  motion  of  the  key,  a body  faften’d  at  one  of  the  holes  to  the  cylinder 

may  be  brought  to,  or  remov’d  from,  or  made  to  (trike  againft  another 

body,  faften’d,  in  a convenient  pofture,  to  the  upper  part  of  the  trencher. 

We  caus’d  then  a hand-bell  without  its  handle  and  clapper, to  be  fo  faften’d 
to  a ftrong  wire,  that  one  end  cf  the  wire  being  fixed  in  the  trencher,  the 
other,  which  was  bent  downwards,  took  hold  of  the  bell.  In  another 
hole,  made  in  the  circumference  of  the  fame  trencher,  was  wedg’d  a fteel 
fpring,  to  the  upper  part  whereof  was  wedg’d  a gad  of  fteel  lefsthan  an  inch 
long,  butconfiderably  thick;  the  length  of  this  fpring  made  the  upper 
part  of  the  hammer,  or  piece  of  fteel,  of  the  fame  height  with  the  bell ; and 
the  diftance  of  the  fpring  from  the  bell  was  fuch,  that  when  forc’d  back 
the  other  way,  it  might,  at  its  return  make  the  hammer  ftrike  brilldy  up- 
on the  outfideof  the  bell.  The  trencher  being  thus  furnifh’dand  plac’d  in 
a capp’d  receiver,  the  air  was  diligently  pump’d  out,  and  then,  by  the  help 
of  the  turn-key,  the  vertical  cylinder  was  made  to  go  round,  by  which 
means,  as  often  as  one  of  the  two  ftiff  wires,  or  fmall  pegs, that  were  faften’d 
at  right  angles  into  holes  made  near  the  bottom  of  the  cylinder,  pafs’d  by 
the  fpring,  they  forcibly  bent  it  in  their  pafiage  from  the  bell,  fo  that  as 
foon  as  the  wire  was  gone  by,  and  the  fpring  ceas’d  to  be  prefs’d,  it  would 
fly  back  with  violence  enough  to  make  the  hammer  give  a fmart  ftroke  up- 
on the  bell.  And,  by  this  means,  we  could  both  continue  the  experiment 
at  difcretion,.  and  make  the  percuflions  more  equally  ftrong  than  it  would 
otherwife  have  been  eafy  to  do. 

Now,  when  the  receiver  was  well  emptied,  it  fometimes  appear’d 
doubtful  whether  any  found  was  produc’d  or  no  ; but  to  me,  for  the  molt 
part,  it  feem’d,  that,  after  great  attention,  I heard  a very  faint  and  lan- 
guid found,  and  yet  methought  it  had  fome  fhrilnefs  in  it,  and  feem’d  to 
come  from  afar.  But  letting  in  the  air,  at  competent  intervals,  it  was  ea- 
fy to  obferve,  that  the  vertical  cylinder  being  (till  made  to  go  round,  when 
a little  air  was  let  in,  the  ftroke  of  the  hammer  upon  the  bell  became  very 
audible:  when  more  air  was  admitted,  the  found  grew  greater,  and  fo 
increafed  till  the  receiver  was  again  replenifh’d  with  air  ; tho’,  even  then, 
the  found  was  obferv’d  to  be  much  lefs  than  when  the  receiver  did  not  in- 
terpofe  between  the  bell  and  the  ear. 

We  now,  alfo,fufpended  in  the  receiver  a watch  with  a good  alarum  ;and 
to  make  this  experiment  the  more  accurate,  we  employ’d  a receiver  that 
confided  of  but  one  piece  of  glafsfurn idl’d  ontheinfide  with  a glafs  knob  or 
button,  to  which  a firing  might  be  ty’d  : we  alfo  hung  the  watch,  not 
by  its  chain,  but  by  a very  (lender  thread,  whofe  upper  end  was  faften’d  to 
the  glafs  button. Then  the  air  being  carefully  pump’d  out,  we  filently  expell- 
ed 
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PN^^XCSedthe  ringing  of  the  alarum  •,  but  hearing  no  noife  fo  foonas  we  expe&ed, 
jt  rnight  have  been  doubted,  whether  the  watch  continued  going,  if  wo 
had  not  contriv’d  a way  to  difcern  its  motion  : wherefore  I defireda  gen- 
tleman to  hold  his  ear  exactly  over  the  button,  at  which  the  watch  was  fuf- 
pended,  and  very  near  to  the  receiver  •,  who  told  us,  that  he  could  juft  per- 
ceive fomething  of  a found,  which  feem’d  to  come  from  far  ; tho*,  neither 
we,  who  liften’d  very  attentively  near  other  parts  of  the  receiver,  nor  he, 
if  his  ears  were  no  more  advantageoufly  plac’d,  were  fatisfied,  that  we 
heard  the  watch  at  all.  Then  letting  in  fome  air,  we  did,  with  attention, 
begin  to  hear  the  alarum,  whofe  found  was  odd  ; and  by  returning  the 
flop-cock,  to  keep  any  more  air  from  entering,  we  kept  the  found  thus  low 
for  a confiderable  time  ; after  which,  a little  more  air,  that  was  permitted 
to  enter,  made  it  become  more  audible  *,  and  when  the  air  was  yet  more  free- 
ly admitted,  we  could  plainly  hear  the  alarum  at  a confiderable  diftance 
from  the  receiver  *. 

A glajs  drop  42.  The  blunter  part  of  a glafs-drop  being  faften’d  to  a ftable  body, 

broke  in  an  ex-  and  convey’d  into  the  receiver,  and  the  crooked  ftem  being  ty’d  to  one  end 
reCe*~  of  a firing,  whofe  other  end  was  faften’d  to  the  turn-key,  we  carefully 
pump’d  out  the  air  *,  when  the  ftem,  by  fliortning  the  firing,  being  bro- 
ken off,  the  glafs-drop  was  fhatter’dinto  a thoufand  pieces. 

This  experiment  was,  afterwards,  repeated  with  the  like  fuccefs  *,  and 
having,  at  that  time,  no  gage  to  try  how  far  the  air  had  been  drawn  out, 
we  let  the  external  air  impel  up  the  water  out  of  the  pump  inro  the  recei- 
ver, and  thereby  found,  that  the  veftel  had  been  well  exhaufted. 

43.  Knowing,  that  hard  fugar,  being  brifkly  fcraped  with  a knife,  affords 
iinhe^exbauL2'  ^Par^^ng  lights  fo  that  one  would  fometimes  think  fparks  of  fire  flew 
ed  receiver,  from  it  •,  we  caus’d  a lump  of  hard  loaf-fugar  to  be  conveniently,  and 
Fig.  6z.  firmly  plac’d  in  the  cavity  of  our  capp’d  receiver  ; and  to  the  vertical  cy- 
linder, formerly  mentioned,  we  faften’d  fome  pieces  of  a fteel-fpring, 
which,  being  but  thin,  might,  in  their  paffage  along  the  fugar,  grate  or  rub 
forcibly  againftit;  and,  then  the  receiver  being  well  exhaufted, in  thenight- 
time, and  in  a dark  room, the  vertical  cylinder  was  made, for  a pretty  while, 
to  move  round,  by  help  of  the  turn-key.  Thus  the  irons  that  came  out  of 
the  vertical  cylinder,  making,  in  their  paffage,  vigorous  impreffions  up- 
on the  fugar,  that  flood  in  their  way,  there  were  manifeftly  produced  ma- 
ny little  flafhes  ; and  fometimes  too,  tho’ not  frequently,  there  feem’d  to 
be  flruck  off  fmall  fparks  of  fire  *f.  44.  We 


* That  found  cannot  be  propagated 
thro’  a vacuum,  appears  more  fully  from 
an  experiment  of  the  late  Mr.  Hauksbee , 
who  included  a large  bell  in  a receiver 
full  of  common  air,  and  cover’d  them  both 
with  another  glafs,  out  of  which,  the  air 
being  extrafled,  tho’  found  was  actually 
produced  in  the  innermoft,  it  could  not 
be  heard  by  the  by-ilanders.  FbiloJ.  Franf 
N°.  321.  p.  367. 


From  fome  other  experiments  of  the 
fame  perfon,  ’tis  alfo  evident,  that  founds 
are  as  well  augmented  in  condenfed  air, 
as  diminilh’d  in  that,  which  is  rarified. 
See  his  Pbyfeco-mccban.  Experiments,  p.  1 29, 
134* 

f From  a variety  of  experiments,  rela-. 
ting  to  the  attrition  of  bodies  in  vaeuo> 
made  by  the  late  Mr.  Hauksbee , it  appears, 

that 
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44.  We  took  a large  inverted  cucurbit  for  a receiver,  made  very  clear 

by  wiping,  and  obferv’d,  that  when  the  pump  began  to  be  work’d,  if  a ^ki^fhalo 
large  candle  were  held  on  the  other  fide  of  the  glafs,  upon  turning  the  flop-  a7l(i  colours*  ' 
cock  to  let  the  air  out  of  the  receiver  into  the  cylinder,  the  glafs  would  produced  in  the 
feem  to  be  full  of  fumes,  and  a kind  of  halo  appear  about  the  flame  of  the  exhaufled  re- 
candle ; and  this,  at  firft,  was  commonly  between  a blue  and  a green,  butcetver' 
after  fome  fucks,  turn’d  of  a reddifh  or  orange  colour,  both  very  vivid. 

The  phenomenon,  in  my  opinion,  proceeded  from  hence,  that  the  cement 
being  lomewhat  foft,  and  abounding  with  turpentine,  and  having  a hot 
iron  apply’d  to  it,  whereby  it  was  both  foften’d  and  heated,  it  feems  ratio- 
nal to  expedt,  that,  upon  withdrawing  the  air  in  the  receiver,  the  aerial 
particles  in  the  cement  freed  from  their  former  preflure,  would  extricate 
themfelves,  and  with  the  loofer  fleams  of  the  turpentine,  and  perhaps  of 
the  bees-wax,  expand  themfelves,  with  a kind  of  explofion,  in  the  receiver  •, 
and  by  their  interpofition  between  the  light  and  the  eye,  exhibit  thofe  de- 
lightful colours  we  have  feen.  And,  I afterwards  found,  that  I could 
plainly  perceive  the  colouring  fleams,  juft  upon  turning  the  flop-cock,  to 
fly  up  from  the  cement  towards  the  top  of  the  glafs  ; and,  if  we  continued 
pumping,  the  receiver  would  grow  clearer,  and  the  colours  more  dilute, 
poflibly  becaufe  the  aerial  and  volatile  particles  of  the  upper  part  of  the  ce- 
ment did,  in  that  time,  fpend  themfelves  ; and  alfo,  becaufe  the  agitation 
they  receiv’d,  from  the  heat  communicated  by  the  iron,  continually  de- 
cay’d. Befldes,  when  the  receiver  is  more  exhaufled,  the  want  of  air  makes 
it  more  difficult  for  fleams  to  float,  and  be  fupported  in  it. 

But,  for  a farther  confirmation,  I caus’d  fome  cement  to  be  put  into  a 
fmall  crucible,  warm  enough  to  melt  it;  and  conveying  this  into  a clear  re- 
ceiver, I caus’d  the  pump  to  be  work’d : upon  which,  it  manifeftly  ap- 
pear’d, that  opening  the  flop-cock,  to  let  out  the  air,  the  fleams  would 
copioufly  be  thrown  about  from  the  crucible  into  the  capacity  of  the  recei- 
ver ; and,  after  having  play’d  there  a little,  fall  down  again.  But,  in 
thefe  phenomena,  the  vividnefs,  and  fometimes  the  kind  of  the  exhibited 
colours  feem’d  much  to  depend  on  circumftances,  luch  as  the  degrees  of 
heat,  the  magnitude  and  fhape  of  the  receiver,  the  quantity  of  air  that  re- 
main’d therein,  and  the  nature  of  the  cement  itfelf. 

45.  Crofs  the  ftable  trencher,  formerly  mention’d,  we  faften’d  a ftrong  Heat  produced 
fpring  of  fteel,  fhap’d  almoft  like  the  lathe  of  a crofs- bow ; and  to  the  midft  h attrition  in 
of  this  fpring  was  ftrongly  fix’d  on  the  outfide  a round  piece  of  brafs,  hoi- 

low’d  almoft  like  a concave  burning-glafs.  To  this  piece  of  brafs,  which 
was  thin,  and  about  two  inches  in  diameter,  we  fitted  a convex  piece  of  the^-  63; 
fame  metal,  almoft  like  a gage  for  a tool  to  grind  glafles  in,  which  had  be- 


that  different  forts  of  bodies  afford  lights 
greatly  differing  in  colour,  force,  and  vi- 
gor ; that  the  effects  of  attrition  vary  with 
the  different  preparation  and  management 
of  the  bodies  which  fuftain  it : that  bodies, 
which  have  yielded  a particular  light,  may, 
I 


by  attrition,  be  brought  to  yield  no  more 
thereof ; and  that  a confiderable  light  is 
producible,  by  the  attrition  of  glafs  on 
glafs,  both  in  vacuo , in  common  air,  and 
even  in  water.  Hauksbeds  Fhyfico-mechan* 
Exper,  p.  40—44. 

longing 
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Pneumatics  longing  to  it  a fquare  handle,  whereinto,  as  into  a focket,  was  inferted  a 
fquare  piece  of  wood,  proceeding  from  the  bafis  of  a fquare  wooden  pillar, 
which  we  made  ufe  of,  on  this  occafion,  inftead  of  our  vertical  cylinder. 
By  the  help  of  another  piece  of  wood,  coming  from  the  other  balis  of  the 
fame  pillar,  the  turn-key  was  join’d  to  thispillar,  and  made  of  fuch  a length, 
that  when  the  turnkey  was  forcibly  kept  down  as  low  as  the  brafs-cover, 
it  was  a part  of,  would  permit,  the  convex  piece  of  metal  juft  defcribed, 
deprefs’d  the  concave  piece  a pretty  way,  notwithftanding  a vigorous  re- 
fiftance  of  the  fubjacent  fpring.  A little  fine  powder  of  emery  was  alfo  put 
between  the  convex  and  concave  pieces  of  brafs,  to  make  them  fit  the  bet- 
ter, and  to  facilitate  the  motion  that  was  to  be  made  ; and,  to  the  upper 
part  of  the  turn-key  was  faften’d  a good  wimble,  without  which,  we  pre- 
fum’d, that  the  turning  of  the  key  would  not  produce  a fufficient  motion. 
Things  being  thus  in  readinefs,  and  a mercurial  gage  convey’d  into  the 
receiver,  we  caus’d  the  air  to  be  diligently  pump’d  out,  and  then  order’d 
a ftrong  man  to  turn  the  wimble,  and  to  continue  to  lean  a little  on  it,  that 
he  might  be  fure  to  keep  the  turn-key  from  being  lifted  up  by  the  fpring. 
Whilft  the  man,  with  much  agility  and  ftrength  was  moving  the  wimble, 

I watch’d  the  gage,  to  obferve,  whether  the  agitation  of  the  (top-cock, 
and  confequently  the  engine,  did  not  prejudice  the  experiment;  and  for 
greater  caution,  I caus’d  the  pump  to  be  almoft  all  the  while  kept  working. 
When  the  man  was  almoft  out  of  breath,  we  Jet  in  the  air  at  the  cover  of  the 
receiver,  by  lifting  up  the  turn-key ; and  nimbly  removing  the  receiver, 
we  felt  both  the  pieces  of  brafs,  betwixt  which  the  attrition  had  been  made, 
and  found  them  very  fenfibly  warm. 

We  afterwards  caus’d  the  man  to  lay  hold  of  the  wimble  again,  when, 
by  the  gage,  it  appear’d,  that  the  receiver  was  exhaufted  ; fo  that  by  fur- 
ther pumping  the  quick-filver  feem’d  not  to  be  further  deprefs’d.  And, 
in  this  fecond  trial,  when  we  did,  as  before,  haft ily  let  in  the  air,  and 
take  out  the  bodies  that  had  been  rubb’d  againft  one  another,  they  were 
both  of  them,  efpecially  the  uppermoft,  fo  hot,  that  I could  not  endure 
to  hold  my  hand  on  either;  and  they  did,  for  fome  time,  retain  a confider- 
able  degree  of  warmth.  I alfo  caus’d  two  bodies  of  wood  to  be  turn’d, 
for  fize  and  (hape  like  thofe  of  brafs,  which  we  had  juft  before  employ’d  ; 
the  upper  of  thefe  was  of  hard  oak,  the  other  of  beech : but,  tho’  the  wim- 
ble was  fwiftly  turned,  as  before,  by  the  fame  perfon,  the  wood  feem’d  not 
tome  to  have  manifeftly  acquir’d  any  warmth  ; yet,  that  there  had  been 
a confiderable  attrition,  appear’d  by  the  great  polifh,  which  part  of  the 
wood,  had  evidently  acquired : however,  upon  repeating  the  experiment, 
with  more  obftinacy  than  before,  the  wood,  efpecially  the  upper  piece  of 
it,  was  brought  to  a warmth  unqueftionably  fenfible. 

Quicklime  46.  Into  an  evaporating  glafs,  we  put  a convenient  quantity  of  water; 
faked  in  the  and  having  convey’d  it  into  a receiver,  and  well  drawn  out  the  air,  we  let 
exhaufted  re»  down  into  3 by  the  turn-key,  a large  lump  of  ftrong  lime;  and  obferv’d 
not,  that,  at  the  firftemerfion,  nor  for  fome  time  after,  there  appear’d  any 
confiderable  number  of  bubbles;  but  within  about  a quarter  ofan  hourthe  lime 
.V  „ * 2 began 
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began  (the  pump  continuing  to  be  ply *d  from  time  to  time)  to  flake  with 
much  violence,  and  with  bubbles  wonderfully  great,  appearing  at  each 
new  exfu&ion  *,  fo  that  the  in  fide  of  the  receiver,  tho’  large,  was  at  length 
lined  with  lime-water  ; and  much  of  the  mixture  did,  from  time  to  time, 
overflow  the  veflel,  a great  part  whereof  was  purpofely  left  unfill’d  *,  nor 
did  any  thing,  but  our  wearinefs,  put  a period  to  the  bubbling  of  the  mix- 
ture, whofe  heat  was  fenfible  even  on  the  outfide  of  the  receiver,  and  con- 
tinu’d confiderably  hot,  in  the  evaporating  glafs,  for  a quarter  of  an  hour 
after  the  receiver  was  remov’d.  The  lime,  employ’d  in  this  experiment, 
was  of  a very  good  and  ftrong  kind,  made  of  hard  (tones,  and  not  of  chalk, 
as  is  that  commonly  ufed  at  London , which  probably  would  not  have  been 
ftrong  enough  to  have  afforded  us  the  fame  phenomenon. 

4 7.  To  try,  by  means  of  our  fyringe,  formerly  mention’d,  what  weight  An  Attempt  to 
a cylinder  of  uncomprefs’d  air  included  in  it,  and  confequently  of  the  fame  th£ 

diameter  with  the  cavity  of  the  barrel,  would  be  able  to  fuftain  ; we  P firing  of  in- 
vided  a (table  frame,  wherein  the  fyringe  might  be  kept  firm  and  eredt  *,  eluded  air. 
we  alfo  provided  a weight  of  lead,  fhaped  like  our  brafs  ring,  formerly 
deferib’d,  that,  by  the  advantage  of  its  figure,  it  might  be  made  to  han  g 
down,  by  ftrings,  from  the  top  of  the  handle  of  the  rammer,  and  fo  prefs 
evenly  on  all  fides,  without  rendring  the  upper  part  of  the  inftrument  top- 
heavy.  We  took  care  to  leave  between  the  bottom  of  the  fyringe,  which 
was  firmly  clos’d  with  ftrong  cement,  and  that  part  of  it,  where  the 
fucker  was,  a convenient  quantity  of  air  to  expand  itfelf,  and  lift  up  the 
weight,  when  the  air  external  to  that  included,  (hould  be  pump’d  out 
of  the. receiver.  And  laftly,  the  handle  of  the  rammer,  from  which  the 
annular  weight  depended,  was  fo  faften’d  to  the  turn-key  of  the  cover 
of  the  receiver,  that  the  weight  might  not  comprefs  the  air  included  in 
the  fyringe,  but  leave  it  in  its  natural  date,*  till  the  air  was  withdrawn 
from  the  receiver. 

By  this  method  the  included  air  would  lift  up  a weight  of  7 or  8 
pound  ; yet  when  the  rammer  came  to  be  clogg’d  with  a greater,  the 
inftrument  prov’d  not  fo  ftanch,  but  that  it  was  eafier  for  fome  par- 
ticles of  air  to  get  away  between  the  fucker  and  the  infide  of  the  bar- 
rel, than  to  raife  fo  great  a weight.  But,  if  an  exaft  fyringe  can  be 
procur’d,  this  feems  to  be  one  of  the  likelieft , and  lead  exceptiona- 
ble ways  of  meafuring  the  force  of  the  air’s  fpring. 

But  being  unable  to  procure  fuch  a fyringe  as  I defir’d,  I got  two  hoi-  p-  6 
low  cylinders  to  be  turn’d,  whofe  fides  were  of  a fuflicient  thicknefs  to  re-  4 
fill  the  preflure  of  the  air  to  be  imprifon’d  in  them  ; one  an  inch  in  dia- 
meter, and  the  other  two  *,  their  depths  were  alfo  unequal,  that  the  one 
might  receive  a much  larger  bladder  than  the  other.  With  the  lefler  of 
thefe  I made  a diligent  trial,  but  found  it  very  difficult  to  procure  a blad- 
der fmall,  and  fine  enough  for  the  cylinder  ; and  that  which  we  at  length 
procur’d,  would  not  continue  ftanch  for  many  trials  ; but,  after  a while, 
parted  with  a little  air  in  the  well  exhaufted  receiver,  when  it  was  clogg’d 
with  the  utmoft  weight  it  could  fuftain  •,  but  whilft  it  continu’d  ftanch. 
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j4n  eafy  way 
of  making  a 
fmall  quantity 
of  included  air 
raife  a great 
weight. 

Fig.  65. 


Fig-  66. 


we  made  one  fair  trial  with  it  •,  from  whence  we  concluded,  that  a cylin- 
der of  air  of  an  inch  in  diameter,  and  lefs  than  2 inches  in  length,  was  able 
vifibly  to  raife  a weight  of  above  10  pound,  averdupoize. 

At  another  time,  into  a hollow  cylinder  of  wood  4 inches  deep,  and  2 
in  diameter,  furnifh’d  with  a broad  and  folid  body  or  pedeftal,  we  put  a 
lamb’s-bladder,  very  ftrongly  ty’d  at  the  neck  *,  on  which  we  fet  a wood- 
en plug,  mark’d  with  ink,  where  the  edge  of  the  cylinder  was  contiguous 
to  it ; this  plug  being  loaded  with  weights,  amounting  to  35  pound,  the 
receiver  was  exhaufted,  till  the  mark  appear’d  very  manifeftly  above  the 
brim  of  the  cylinder  ; and  then,  tho’  the  firing  was,  by  turning  the  key, 
quite  flucken’d,  yet  the  mark  on  the  plug  continu’d  very  vifible.  And 
when  fo  much  air  was  let  into  the  receiver,  as  made  the  weight  deprefs  the 
plug  quite  beneath  the  mark,  upon  pumping. out  the  air  again,  the  weight 
was,  without  the  help  of  the  turn-key,  lifted  up  •,  and  by  degrees  all  the 
mark  of  the  plug  was  rais’d  above  3 eighths  higher  than  the  edge  of  the 
cylinder.  Wherefore  we  fubftituted  for  the  7 pound  weight,  one  of  14  ; 
and  ufing  the  lame  bladder,  we  repeated  the  experiment  *,  only  a little  fup- 
porting  the  uppermoft  weight  by  the  turn-key, till  the  bladder  had  attain’d 
its  expanfion  *,  and  then  the  weight,  being  gently  let  go,  deprefs’d  not  the 
plug  fo  low,  but  that  we  could  yet  fee  the  mark  on  it ; tho’  that  part  of 
the  plug  where  the  mark  was,  appear’d  manifeftly  more  deprefs’d  than 
the  other. 

48.  We  took  a brafs  vefiel,  made  like  a cylinder,  and  having  one  of  its 
orifices  exactly  cover’d  with  a flat  plate  firmly  faften’d  to  it,  the  other 
orifice  being  wide  open  j the  depth  of  this  vefiel  was  4 inches,  and  the  dia- 
meter 3 and  3 quarters.  To  this  hollow  cylinder  we  fitted  a wooden  plug, 
like  one  of  thole  defcrib’d  in  the  foregoing  experiment  *,  only  it  was  not 
quite  fo  long,  and  was  furnilh’d  with  a iip,  which  we  purpofely  made  of 
a confiderable  breadth,  that  it  might  afford  a liable  bafis  to  the  weight 
that  Ihould  rell  upon  it ; then  taking  a middle-fiz’d  limber  bladder, 
ftrongly  ty’d  at  the  neck,  but  not  near  full  blown  •,  we  prefs’d  it,  by  the 
help  of  the  plug,  into  the  cylinder,  that  it  might  the  better  fit  itfelf  to  the 
figure  thereof  * then  taking  notice  by  a mark,  how  much  of  the  plug  was 
extant  above  the  orifice  of  the  vefiel,  we  laid  the  weights  upon  the  plug, 
whofe  lip  hinder’d  it  from  being  deprefs’d  too  deep  into  the  cavity  of  the 
vefiel  •,  and  having  convey’d  them  into  the  receiver,  we  found,  that  a 
common  half-hundred-weight  would  very  loon  be  manifeflly  rais’d  by  the 
lpring  of  the  included  air. 

In  another  experiment,  the  bladder  in  a cylinder  4 inches  broad,  rais’d 
75  pound  weight, till  the  wooden  plug  difclos’d  the  mark  defign’d  to  Ihew 
the  height  at  which  the  air  kept  the  plug,  before  it  was  comprefs’d  ; and 
this  vifibly  at  the  fifth  exfudion  ; and  at  the  feventh,  that  mark  was  rais’d 
ir  above  the  edge  of  the  cylinder.  In  the  gage,  where  the  mercury,  in 
the  open  air,  ufually  Hood,  about  an  eighth  above  the  uppermoft  glafs 
mark,  it  was  deprefs’d  an  eighth  below  the  fecond  mark  ; and  after  we 
let  in  the  air,  it  was  a pretty  while  before  the  weight  manifeftly  began  to 
2 fubfide. 
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fubftde.  The  bladder  being  taken  out,  and  the  place  it  had  pofiefled  in  the 
cylinder  being  fupply’d  with  a fleevc,  or  fome  fuch  thing,  and  the  weight 
laid  again  upon  the  plug*,  we  found,  that  at  24  ex  fusions  the  mercury 
was  deprefs’d  to  the  lowed  mark  of  the  gage  *,  and  the  34th  or  35th  ex- 
fu£tion  was  made,  before  the  receiver  appear’d  to  be  fo  ex  handed,  as  to 
dop  the  finking  of  the  mercury,  which  was  then  above  one  eighth  beneath 
the  lowed  mark.  But  having  caufeddeaden  weights  to  be  purpofely  cad 
flat,  and  as  broad  as  we  could  conveniently  put  into  the  receiver,  that,  by 
the  advantage  of  this  fhape,  we  might  be  able  to  pile  up  the  more  of  them, 
without  much  danger  of  their  being  fhaken  down  *,  we  laid  feveral  of  them 
one  upon  another  ; and  then,  the  upper  part  of  the  receiver  growing  too 
narrow  to  admit  any  more  *,  we  added  a weight  or  two,  lefs  broad  ; when 
exhaufling  the  receiver,  till  we  perceiv’d  by  the  gage,  that  the  air  was 
manifeflly  withdrawn  ; we  found,  by  the  help  of  a mark,  and  a pair  of 
compafles,  the  plug  to  be  fo  far  rais’d,  that  it  was  concluded,  the  eleva- 
tion would  have  been  much  greater,  if  the  included  air  had  not  found  it 
eafler  to  produce  fome  leak  at  the  neck  of  the  bladder,  than  to  lift  up  fo 
great  a weight ; which  was  about  100  pounds  averdupoize. 

49.  We  weigh’d  a feal’d  bubble  in  the  receiver,  and  found  it  above  half  T°  the 
a grain  heavier  when  much  of  the  air  was  exhauded,  than  when  it  was  full ; 
afterwards  we  took  out  this  bubble,  and  found  it  to  weigh  68  grains  and  ter. 
a half  ; then  breaking  off  the  fmall  tip  of  it  under  water,  we  found,  that 
the  heat,  by  which  it  was  feal’d  up,  had  rarify’d  its  included  air,  fo  that 
it  admitted  125  grains  of  water  ; for  the  admitted  water  and  glafs  weigh’d 
193  grains  and  a half.  Then  filling  it  full  of  water,  we  found  it  to  con- 
tain in  all  739  grains ; for  it  weigh’d  807  grains  and  a half ; whence  it  is 
evident,  that  the  difference  between  the  weight  of  water  and  air,  was  lefs 
than  1228  and  1.  We  alfo  weigh’d  in  the  receiver  a bubble,  the  glafs 
of  which  amounted  to  60  grains  ; the  air  that  fill’d  it,  weigh’d,  in 
vacuo , j i of  a grain  *,  the  water  that  fill’d  it,  weigh’d  720  grains  and 
a quarter;  fo  that  by  this  experiment,  the  proportion  of  the  weight 
of  water  to  air,  is  as  853  to  1. 

But  it  is  fo  deflrable  a thing,  and  may  prove  of  fuch  importance, 
to  know  the  proportion  in  weight  betwixt  air  and  water,  that  I fhall 
here  mention  an  attempt  I made  to  difcover  it  by  another  way. 

A fmall  receiver,  being  exhaufted  of  air  by  the  engine,  and  counter- 
pois’d ; whilfl  it  continu’d  fo,  the  flop-cock  was  turn’d,  and  the  air 
re-admitted  ; which  made  it  weigh  36  grains  more  than  before  ; and  this 
happen’d  alfo  upon  repeating  the  experiment. 

We  next  took  a fmall  glafs  receiver,  fitted  with  a flop- cock  *,  and  ha- 
ving exhaufted  it  of  the  air,  counterpoiz’d  it,  and  let  in  the  outward  air ; 
we  found  the  weight  of  the  veffel  to  be  increas’d,  by  that  admiffion,  36 
grains.  This  done,  we  took  the  receiver,  after  having  well  counterpoiz’d 
it,  out  of  the  fcale  *,  and  having  apply’d  it  a fecond  time  to  the  engine, 
we  once  more  withdrew  the  air  *,  and  then  turning  the  flop-cock,  to  keep 
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s out  the  external  air,  we  took  care  that  none  of  the  cement  employ’d  to 
join  it  to  the  engine,  Ihould  (lick  to  it ; when  weighing  it  again,  we  found 
it  35  grains  heavier,  than  when  it  was  laft  counterpoiz’d  in  the  balance. 
Then  we  immers’d  the  ftop-cock  into  a bafon  of  fair  water,  and  let  in  the 
liquor,  that  we  might  find  how  much  of  it  would  fucceed  in  the  place  of 
the  air  drawn  out.  When  no  more  water  was  impell’d  in,  we  turn’d  the 
llop  cock  once  more,  to  keep  it  from  falling  out ; and  then  weighing  it 
in  the  fame  fcales,  we  found  the  water  to  be  47  ounces,  3 drams,  6 grains ; 
which  divided  by  35  grains,  the  weight  of  the  air,  equal  in  bulk  to  -this 
water,  the  quotient  is  nearly  650  grains,  for  the  proportion  of  weight 
between  air  and  water,  of  the  fame  bulk,  at  the  time  when  the  experi- 
ment was  made;  the  atmofphere  then  appearing,  by  the  barometer, 
wherein  the  mercury  flood,  at  29  inches  3 quarters,  to  be  very  heavy. 

50.  We  took  a pair  of  flat  round  marbles,  each  of  them  two  inches,  and 
about  3 quarters  in  diameter  ; and  having  put  a little  oil  between  them, 
to  keep  out  the  air  ; we  hung,  at  a hook  fatten'd  to  the  lowermoft,  a 
pound  weight,  to  furmount  the  cohefion  which  the  tenacity  of  the  oil, 
and  the  imperfedl  exhauftion  of  the  receiver  might  give  them  ; then  ha- 
ving fufpended  them  in  the  cavity  of  a receiver,  by  a flick  that  lay  crofs 
it,  and  the  engine  being  made  ready  to  work,  we  Ihook  it  more  ftrongly 
than  we  concluded  it  would  be  by  the  operation  ; and  beginning  to  pump 
out  the  air,  we  obferv’d  the  marbles  to  continue  join’d,  till  it  was  fo  fat- 
drawn  out,  that  we  fufpe&ed  they  would  not  feparate.  But  at  the  16th 
ftroke,  upon  turning  the  ftop-cock,  which  let  the  air  pafs  out  of  the  re- 
ceiver into  the  pump,  the  fhaking  of  the  engine  being  over,  the  marbles 
fpontaneoufly  fell  afunder ; tho’  they  hung  parallel  to  the  horizon,  and 
adhered  very  firmly  together  when  they  were  put  in  ; and  tho’  a weight 
of  above  80  pounds,  fallen 'd  to  the  lowermoft  marble,  might  be  drown 
up,  together  with  the  uppermoft,  by  virtue  of  their  firm  cohefion. 

^ But  fattening  to  the  lowermoft  of  the  two  marbles,  a weight  of  a very 
few  ounces,  and  having  cemented  a capp’d  receiver,  with  the  marbles  in 
it,  as  before,  to  the  pump  ; we,  by  means  of  a firing  (whereof  one  end 
was  ty’d  to  the  bottom  of  the  turn-key,  and  the  other  to  the  uppermoft 
marble,  and  patting  thro’  the  hook  belonging  to  the  brafs  cover)  and  by 
turning  round  the  key,  drew  up  the  upper  marble  ; and  by  reafon  of  their 
coherence,  the  lowermoft  alfo,  together  with  the  weight  that  hung  at  it. 
Being  thus  fure  that  the  two  marbles  ftuck  clofe  together,  we  began  to 
pump  out  the  air ; and  after  a while  the  marbles  fell  afunder. 

But  having  fo  order’d  the  matter,  that  the  lower  could  fall  but  a little 
way  from  the  other  ; we  were  able,  by  inclining  and  fhaking  the  engine, 
to  place  them  together  again  ; and  then  letting  in  the  air  haftily,  that  by 
its  fprmg  it  might  prefs  them  hard  together ; we  could  not  only,  by 

turn- 
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turning  the  key,  make  the  uppermoft  marble  take  up  the  other,  and  the  pneumatics 
annex’d  weight ; but  were  oblig’d  to  make  a much  more  laborious  ex- 
hauftion  of  the  air,  to  procure  the  disjun&ion  of  the  marbles,  thisfecond 
time,  than  was  neceffary  to  do  it  at  the  firft. 

And,  when  the  marbles  were  thus  afunder,  and  the  receiver  exhaufted, 
we  did  not  let  in  the  air,  till  we  made  them  fall  upon  one  another,  as  be- 
fore *,  but  the  little  highly  expanded  air,  that  remain’d  in  the  receiver,  ha- 
ving not  a fpring  near  ftrong  enough  to  prefs  them  together,  we  very  eafi- 
ly,  by  turning  the  key,  rais’d  the  uppermoft  marble  alone,  without  find- 
ing it  to  flick  to  the  other.  We,  therefore,  once  more  join’d  the  mar- 
bles together,  and  then  letting  in  the  external  air,  found  them  afterwards 
to  flick  fo  clofe,  that  a very  ftrong  man  could  not  feparate  them. 

51.  Into  a fmall  earthen  melting-pot  of  a cylindrical  figure,  and  well  That'tis  diffi- 
glaz’d,  we  convey’d  a fmall  cylinder  of  iron,  about  an  inch  long,  and  an  cult  to  produce 
inch  and  half  in  diameter,  made  red-hot  in  the  fire  \ and  having  fu d de n 1 y lth°u^ 
exhaufted  the  receiver,  wherein  we  plac’d  them,  we  let  down  a piece  of  aJn  attempt  to 
paper,  containing  a convenient  quantity  of  flowers  of  fulphur,  upon  the  kindle Julpbur 
heated  metal ; whereby,  the  paper  being  immediately  deftroy’d,  the  in- in  vacuo* 
eluded  fulphur  would  lie  upon  the  iron,  whofe  upper  part  would  lie  a little 
concave,  to  contain  the  flowers,  when  melted.  But  all  the  heat  of  the  iron, 

tho’  it  made  the  paper  and  fulphur  fmoke,  would  not  adlually  kindle  either. 

Into  a glafs-bubble  of  a convenient  fize,  furnifh’d  with  a neck  for  our 
purpofe,  we  put  a little  flower  of  brimftone,  and  having  exhaufted  theglafs, 
and  fecur’d  it  againft  the  return  of  the  air  •,  we  laid  it  upon  burning  coals, 
where  the  fulphur  did  not  take  fire,  but  rofe  to  the  oppofite  part  of  the 
glafs  in  the  form  of  a fine  powder ; and  that  part  being  turn’d  downward, 
and  laid  on  coals,  the  brimftone  without  kindling  rofe  again  in  the  form 
of  an  expanded  fubftance,  which,  when  remov’d  from  the  fire,  was,  for 
the  moft  part,  tranfparent  like  a yellow  varnifli. 

52.  To  examine,  whether,  when  a heated  iron  would  not  keep  the  The  efficacy  of 
melted  brimftone  fo  hot,  as  was  requifite  to  make  it  burn,  without  air,  or  air  tn  the  pro* 
with  very  little,  it  would  yet  fuffice  to  kindle  the  fulphur,  if  the  air  hadj^*** 
accefs  to  it,  we  made  two  or  three  feveral  trials  *,  and  found,  that,  if  foon 

after  the  flame  was  extinguifh’d,  the  receiver  were  remov’d,  the  ful- 
phur would  prefently  take  fire  again,  and  flame  as  vigoroufly  as  before. 

But,  we  fufpedted,  that  the  agency  of  the  air,  in  the  production  of  the 
flame,  might  be  fomewhat  lefs,  than  thefe  trials  would  perfuade;  becaufe, 
by  taking  off  the  receiver,  the  fulphur  \fas  not  only  expofed  to  frefh  air,, 
but  alfo  advantaged,  by  a free  liberty  for  the  avolation  of  thofe  fumes, 
which  in  a clofe  veffel  might  be  unfavourable  to  the  flame. 

And,  to  try  at  how  great  a degree  of  rarifaction  of  the  air,  it  was  pof- 
fible  to  make  fulphur  flame,  by  the  affiftance  of  an  adventitious  heat,  we 
repeated  the  fame  experiment ; the  pumping  being  continued  for  fome  time 
after  the  flame  of  the  melted  brimftone  feem’d  quite  extinguifli’d,  till  the 
receiver  was  judg’d  to  be  very  well  exhaufted : then,  without  ftirring 
the  glafs,  we  very  warily  let  in  a little  air  j upon  which  we  could  per- 
1 ~ ceive. 
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i’N'^^Icrceive,  tho’  not  a conftant  flame,  yet  feveral  little  flafhes,  as  it  were,  dif- 
cj0fe  themfelves,  by  their  blue  colour,  to  be  fulphureous ; yet  the  air  that 
had  fufficed  to  re-kindle  the  fulphur,  was  fo  little,  that  two  exfuctions 
drew  it  out  again,  and  put  an  entire  flop  to  the  phenomenon.  And,  when 
a little  air  was  cautioufly  let  in  again,  the  like  flafhes  began  again  to  ap- 
pear; which,  upon  two  exfu&ions  more,  quite  vanifhed:  tho’,  upon  let- 
ting in  a little  frefti  air  the  third  time,  they,  once  more,  re-appear’d. 

53.  Having  conveniently  placed  three  or  four  grains  of  gun- powder  in 
our  receiver,  and  carefully  drawn  out  the  air,  we  threw  the  fun- beams, 
united  by  a good  burning  glafs,  upon  the  powder,  and  kept  them  there, 
for  a conflderable  time,  to  little  purpofe  ; till,  at  length,  the  powder, 
inflead  of  taking  fire,  only  melted,  like  a metal.  And  this  was  not 
the  only  experiment  we  then  made,  which  difcover’d  a great  indifpo- 
fltion,  even  in  gun-powder,  to  be  fir’d  in  vacuo. 

By  means  of  a 54.  We  took  a convenient  weight  of  gun -powder,  that  was  extraordinary 
koi  iron‘  ftrong,  and  well  made;  and,  having  placed  a red-hot  iron  in  our  receiver, 
that  was  capable  of  holding  fixteen  pounds  of  water  ; when  the  air  ap- 
pear’d, by  the  mercurial  gage,  to  have  been  well  exhaufted,  we  let 
down  a fmall  piece  of  thin  paper,  wherein  the  powder  had  been  put,  till 
it  reach’d  the  plate  ; by  whofe  heat,  we  hoped,  the  paper  would  be  de- 
flroy’d,  and  the  powder  made  to  go  off*.  But,  tho*  both  of  them  had  been 
previoufly  well  dry’d  by  the  fire,  no  explofion  of  the  powder  enfued  ; yet 
there  appear’d  upon  the  iron- plate,  a broad  blue  flame,  furprizingly  dura- 
ble, and  refembling  that  of  brimftone.  At  length,  taking  off  the  recei- 
ver, we  found,  that  the  paper,  contiguous  to  the  iron,  was,  in  part,  de- 
ftroy’d  by  the  heat  ; but  moft  of  the  grains  of  the  powder  leem’d  unalter- 
ed, and  retain’d  their  difpofition  to  be  fir’d,  notwithflanding  the  con- 
fumption  made  of  their  brimftone. 

Upon  repeating  this  experiment,  we  found  no  explofion  to  be  made  for 
fo  long  a time,  that  thinking  it  in  vain  to  wait,  we  let  in  the  air ; and,  af- 
ter we  had  alfo  defpair’d  of  any  effedt  from  hence,  the  powder  fuddenly 
went  off,  with  a great  flafh,  and  a conflderable  fhake  of  the  receiver,  that 
was  yet  (landing  on  the  engine : which  fhews,  that  fuch  experiments  fhould 
be  made  with  caution  ; for  tho*  this  receiver  would  contain  two  gallons  of 
liquor,  the  powder  here  employ’d,  weigh’d  but  one  grain. 

A heated  glafs  ]nt;o  a jarge  ftrong  glafs  -bubble,  we  put  a few  fmall  corns  of  gun- 

te  oj  an . p0wcjer  . anc|5  having  carefully  exhaufted  the  glafs,  and  fecured  it  againft 
the  return  of  the  air,  we  put  it  ^pon  live-coals,  fuperficially  cover’d  with 
allies  ; by  the  heat  whereof,  the  fulphureous  ingredient  of  the  powder  was, 
in  part,  kindled,  and  burn’d  blue  for  a pretty  while,  and  with  a flame  con- 
fiderably  great ; upon  the  ceafing  whereof,  the  powder,  which,  after  all, 
did  not  take  fire,  appear’d  to  have  fent  up,  befides  the  flame,  a large 
quantity  of  fulphureous  fublimate,  that  ftuck  to  the  upper  part  of  the 
.glafs : and,  being  held  againft  a lighted  candle,  it  exhibited  feveral  vi- 


’id  colours,  like  thofe  of  the  rain-bow. 


56.  We 
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56.  We  took  a fmall,  and  very  fhort  piftol,  and  having  well  faften’d  it,  Pneumatics 
with  firings,  to  a great  weight,  that  was  placed  upon  the  iron-plate  of 

our  engine,  we  drew  up  the  cock,  and  prim’d  the  pan  with  dry  powder;  0f  fpJks'lf1* 
then,  over  both  the  weight  and  piftol,  we  whelm’d  a receiver,  capable  of/n?in  vacao. 
containing  two  gallons  of  liquor  ; and,  having  carefully  cemented  it  on, 
we  caufed  the  air  to  be  diligently  pump’d  out ; having,  before,  put  in  a 
mercurial  gage,  to  help  us  to  difcern  when  it  was  well  exhaufted.  Laftly, 
ordering  the  pump  to  be  plied,  in  the  mean  time,  for  fear  fome  air  fhould 
fteal  in  ; we,  by  fhortning  a firing  that  was  tied  to  the  trigger  of  the 
piftol,  did  all  we  could  towards  firing  of  the  powder  in  the  pan  : but  tho* 
the  pan  were  made  to  fly  open,  the  powder  did  not  go  off ; then,  letting 
in  the  air,  and  cocking  the  piftol  again,  we  drew  out  a little  air,  to  be 
fure  that  the  receiver  was  clofely  cemented  on  ; when,  letting  in  the  air 
at  the  top  of  the  receiver,  and  flopping  it  in,  we  pull’d  the  trigger  again: 
whereupon,  tho’  there  had  been  no  new  powder  put  into  the  pan,  nor  any 
left  in  it,  but  the  little  that  remain’d  after  the  late  trial  ; yet  that  little  rea- 
dily took  fire,  and  flafh’d  in  the  pan  : which  made  it  the  more  probable, 
that,  in  the  former  trial,  fparks  of  fire  had  been  ftruck  out,  by  the  col- 
lifion  of  flint  and  fteel.  Befides,  in  another  trial,  made  the  fame  hour, 
in  the  fame  exhaufted  receiver,  a fpark,  or  two,  were  feen  to  fly  out,  upon 
the  falling  of  the  cock.  It  appears  therefore,  that,  notwithftanding  the 
great  indifpofition  of  gun-powder  to  be  reduced  into  flame,  in  vacuo , yet 
even  folid  matter  is  not  incapable  of  being  fir’d  there,  if  put  into  a mo- 
tion lufflciently  vehement. 

57.  The  rays  of  the  fun,  being  thrown  upon  fome  Aurum  fulminans^  ywo  ^ 0r 
placed  in  an  exhaufted  receiver,  made  it  go  off,  and  violently  fcatter  a-  making  K\x- 
bout  the  cavity  of  the  glafs  a yellow  dull,  which  other  trials,  in  the  free rum  fulminans 
air,  made  us  look  upon  as  particles  of  the  gold,  that  was  the  principal^ 0^m  va’ 
ingredient  of  this  odd  compofition. 

This  experiment  we  repeated,  long  after,  in  another  place,  with  other 
veflels,  and  found  the  like  fuccefs.  And  once,  in  the  night-time,  putting 
upon  a heated  iron,  4 of  a grain  of  good  Aurum  fulminans , of  our  own  pre- 
paring, loofely  tied  up  in  a piece  of  thin  paper,  we  found,  that  after  the 
powder  had  lain  long  enough  upon  the  iron,  to  be  thoroughly  heated,  it 
went  off  all  together,  and  with  a confiderable  flafh. 

58.  Upon  a thick,  metalline  plate,  we  put  a convenient  quantity  of  fame  diffi- 
flowers  of  fulphur  ; and,  having  kindled  them  in  the  air,  fuddenly  con-  cultiy  prefers 
vey’d  them  into  a receiver,  and  made  hafte  to  pump  out  fome  of  the  in-  eT without^ 
eluded  air  ; as  foon  as  the  pump  began  to  be  ply’d,  the  flame  appear’d  to  atr>infuk^<?' 
be  fenfibly  decay’d  ; and  continued  lels  at  every  exfudtion  of  the  air  ; and, 

in  effiedt,  expired  before  the  air  was  quite  drawn  out.  And,  upon  the  hid- 
den removal  of  the  receiver,  it  only  afforded,  for  a very  little  time,  fome- 
what  more  fmoke  in  the  open  air,  than  it  appear’d  to  do  before. 

59.  Upon  a larger  cylinder  of  iron,  than  the  former,  made  red-hot, 
we  let  down  a moderate  lump  ofbrimftone,  in  a receiver  moderately  ex- 
haufted *,  when,  being  kindled,  it  lent  up  a great  flame,  with  large  fumes. 

How- 
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pneumatics  however,  we  (till  ply’d  the  pump,  drawing  out,  together  with  the  air, 
much  fulphureous,  and  ofienfive  fmoke  ; whereby,  though  the  flame  Teem- 
ed fomewhat  gradually  impair’d,  yet  it  manifeftly  continued  burning  much 
longer  than,  by  the  fhort  duration  of  other  flames  in  our  receivers,  one 
could  expedl.  And  once,  particularly,  in  making  this  experiment,  the 
flame  lafted,  till  the  receiver  was  judg’d  to  be  thoroughly  exhaufled  •,  and 
Tome  thought  it  To  furviv’d  the  exhauftion,  that  it  went  not  out  for  want 
ofair-fewel  ; the  brimftone  appearing,  when  we  took  off  the  receiver,  ei- 
ther to  have  been  confumed  by  the  fire  that  fed  on  it,  or  to  have  cafually 
ran  off  from  the  iron,  the  heat  whereof  had  kept  it  conftantly  melted. 

A durable  60.  Having  obtain’d  a faline  fpirit,  which,  by  an  uncommon  way  of 
flame  of  a me-  preparation,  was  made  exceeding  fharp,  and  piercing,  we  put  into  a vial, 

1 fiance  m va-  caPa^e  of  containing  three  or  four  ounces  of  water,  a.  convenient  quantity 
cuo.  of  new  filings  of  pure  fteel  ; which,  being  moiften’d  in  the  vial,  with  a 

little  of  the  faline  menftruum,  were,  afterwards,  drench’d  with  more*, 
whereupon  the  mixture  grew  very  hot,  and  yielded  large  and  fetid  fumes. 
And  fo  inflammable  was  this  fmoke,  that  upon  the  approach  of  a lighted 
candle,  it  would  readily  take  fire,  and  burn  with  a bluifh,  and  fomewhat 
greenifh  flame,  at  the  mouth  of  the  vial,  for  a confiderable  time  together; 
and  that,  tho’  with  a little  light,  yet  with  more  ftrength  than  one  would 
eafily  fufpedl. 

This  flaming  vial,  therefore,  we  convey’d  into  a receiver,  which  he  who 
ufed  to  manage  the  pump  affirm’d,  would  be  exhaufled  by  about  fix  ex- 
ftuftions ; and  the  receiver  being  well  cemented  on,  upon  the  firfl  fuck,  the 
flame  fuddenly  appear’d  four  or  five  times  as  great  as  before  ; becaufe,  as 
we  fuppofed,  upon  the  withdrawing  of  the  air,  and,  confequently,  the 
weakning  of  its  prefiiire,  numerous  bubbles  were  produced  in  the  men- 
ftruum; which  breaking,  fupply’d  the  neck  of  the  vial  with  inflammable 
fleams  ; and  thefe,  we  thought,  took  fire,  with  lome  noife.  Upon  the  fe- 
cond  exfudlion  of  the  air,  the  flame  blazed  out,  as  before  ; and  fo  it,  like- 
wife,  did  upon  the  third  ; but,  after  that,  it  went  out : nor  could  we  re- 
kindle any  fire,  by  fuddenly  removing  the  receiver  ; only  we  found,  that 
there  remain’d  fuch  a difpofition  in  the  fmoke  to  inflammability,  that  hold- 
ing a lighted  candle  to  it,  a flame  quickly  enfued. 

<The flame  of  6i.  Having  fo  united  highly  redlified  fpirit  of  wine  with  a prepared 

fpirit  of  wine  metal,  that  they  would  afford  a vifible  ting’d  flame;  we  put  this  mix- 
* wit  b^a  metal  ture  into  a fmall  glafs  lamp,  furnifhed  with  a very  (lender  wieck,  which 
ia  vacuo.  the  mixture  would  not  burn,whilfl  there  was  liquor  enough  left  to  moiften 
it  well  ; and  putting  this  lighted  lamp  into  a convenient  part  of  a recei- 
ver, able  to  hold  two  gallons  of  water,  we  made  hafte  to  cement  on  the 
glafs  to  the  engine  ; yet  found  not,  in  two  or  three  feveral  trials,  that,  af- 
ter the  pump  began  to  be  work’d,  fo  little  a quantity  of  ting’d  flame  lad- 
ed more  than  half  a minute. 

We  alfo  obferv’d,  in  repeating  this  experiment,  that  when  the  flame 
begat*  to  decay,  the  turn*  key,  being  now  and  then  drawn  almoft  out,  the 
ting’d  ,flame  once  lafted  a minute  and  half,  and  another  time  longer ; 

that 
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longer  ; that  the  turn-key  being,  from  the  firft,  taken  out,  the  flame  lafted  Pneomatic» 
two  minutes;  that,  in  the  fame  cafe,  a pipe  being  bedded  in  the  cement, 
at  the  bottom  of  the  glafs,  and  open  at  both  ends,  each  almoft  as  big  as 
the  orifice  fill’d  by  the  turn-key,  the  ting’d  fpirit  feem’d  to  burn  as  if  the 
flame  would  have  lafted  very  long,  had  we  permitted  it ; and  laftly,  that 
the  orifice  at  the  top  being  ftopt  with  the  turn-key,  tho’  the  pipe  were  left 
open  at  the  bottom,  it  plainly,  in  a fhort  time,  feem’d  greatly  to  decay, 
and  ready  to  expire  ; but  caufing  one  to  blow  in  gently  at  the  pipe,  with 
a pair  of  bellows,  tho’  this  did  not  keep  the  flame  vigorous,  yet  it  con- 
tinu’d alive  for  above  four  minutes  ; and  then  obferving  it  to  be  manifeft- 
ly  ftronger  than  it  was,  when  we  began  to  refrefh  it  with  the  bellows,  we 
ceas’d  from  blowing,  and  found,  that  tho’  the  glafs  pipe  was  ftill  left  open, 
yet  within  about  one  minute  the  flame  entirely  vanifh’d. 

62.  Eminent  writers,  both  ancient  and  modern,  tell  us,  without  feru-  Flattie  prefer  - 
pie,  that  naptha  and  camphire  will  burn  under  water  ; but  I had  never  the  ved  under 
good  fortune  to  fee  them  do  fo  ; and  doubt,  thefe  writers  deliver  not  what water% 
they  affirm  from  experience.  And  tho’,  in  celebrated  authors,  I have  met 

with  many  compofltions,  that  will  not  only  burn  under  water,  but  be  kin- 
dled by  it ; yet  I found  thofe  I have  had  occafion  to  confider,  to  be  fo 
lamely,  or  fo  darkly,  and  fome  of  them,  I fear,  fer  fLlfly  fet  down,  that 
by  the  following  compofition,  how  flight  foever  it  may  feem,  I have  been 
able  to  do  more  than  with  things  they  fpeak  very  promifingly  of. 

We  took  of  gun-powder,  three  ounces  ; of  well  burn’d  charcoal,  one 
dram  ; of  good  fulphur,  or  flour  of  brimftone,  half  a dram  ; of  choice 
falt-petre,  a dram  and  half ; thefe  ingredients  being  reduc’d  to  powder, 
and  diligently  mix’d  without  any  liquor,  we  fill’d  a large  goofe-quill  with 
it  ; for  the  kindling  whereof,  the  .open  orifice  of  the  quill  or  pipe,  was 
carefully  ftopt  with  a convenient  quantity  of  the  fame,  made  up  with  as 
little  chymical  oil,  or  water,  as  would  bring  it  to  a fit  confidence.  This 
wild-fire  we  kindled  in  the  air  ; and  the  quill,  together  with  a weight  to 
which  it  was  ty’d,  to  keep  it  from  afeending,  we  flowly  let  down  to  a con- 
venient depth  under  water  ; where  it  would  continue  to  burn,  as  appear’d 
by  the  great  fmoke  it  emitted,  and  other  figns,  as  it  did  in  the  air  ; be- 
caufe  the  ffiape  of  the  quill  kept  the  dry  mixture  from  being  acceffible  to 
the  water,  at  any  other  part  than  the  orifice  ; and  there  the  ftream  of  fired 
matter  iffued  out  with  fuch  violence,  as  inceffantly  beat  off  the  neigh- 
bouring water,  and  kept  it  from  entring  into  the  cavity  that  contain’d 
the  mixture,  which  therefore  would  continue  burning  till  it  was  con- 
fumed. 

63.  In  trying  to  kindle  a combuftible  fubftance  in  our  exhaufted  re-  Anoddpheno- 
ceiver,  it  happen’d  to  fall  befide  the  iron,  whereby  our  intended  exp  me  non  of  the 
riment  was  defeated  ; but  whilft  we  were  confidering  what  was  to  fa  flame  of  a me- 
done  on  this  occafion,  and  had  not  yet  let  in  the  air,  nor  brought  in  tal  in  vacuo‘ 
the  lights  that  were  remov’d  out  of  the  room,  we  were  furpriz’d  to  fee 
fomething  burn  like  a pale  blueiffi  flame,  almoft  in  the  midft  of  the 

cavity  of  the  receiver  ; and  at  firft  lufpedted  it  to  be  fome  deception  of  the 
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fight;  but  all  the  by-ftanders  perceiving  it  alike,  and  obferving  that  it 
grew  very  broad,  we  look’d  at  it  with  great  attention,  and  found  it  to 
laft  much  longer,  than  I remember  to  have  feen  any  flame  in  an  exhauft- 
ed  receiver.  I fliould  have  expedit'd  that  it  proceeded  from  fome  brim- 
ftone flicking,  unobferv’d,  to  a part  of  the  iron  we  had  formerly  employ’d 
to  kindle  fulphur,  had  we  not,  juft  before,  kept  it  red-hot  in  the  fire.  But 
tho’  we  much  wonder’d  whence  this  flame  proceeded,  we  did  not  haften 
its  extindlion  ; and  at  length,  when  it  expired  of  itfelf,  we  let  in  the  air  ; 
and  perceiv’d,  upon  the  concave  part  of  the  iron,  which  we  judg’d  to  be 
the  place  where  the  flame  had  appear’d,  a piece  of  melted  metal,  fuppofed 
to  have  been  faften’d  to  the  firing  whereto  the  fewel  we  defign’d  to  kin- 
dle, had  been  ty’d,  in  order  to  let  it  down  the  more  eafily  ; and  this  made 
us  conceive,  that  the  firing  happening  to  be  burn’d,  by  the  excefiive  heat 
of  the  iron,  the  piece  of  metal  fell  into  the  cavity  of  it ; and  that  by  the 
fame  heat,  the  more  combuftible  part,  which  the  chymifts  call  the  ful- 
phur, was  melted,  and  kept  on  fire,  and  continu’d  burning,  as  we  have 
related.  This  piece  of  metal  was  judg’d  to  be  lead,  but  having  not,  for- 
merly, obferv’d  fuch  a difpofition  in  lead,  to  be  inflam’d,  I confider’d  it 
attentively,  and  perceiv’d,  that  it  was  fome  fragment  of  a mixture  of  lead 
and  tin,  that  I caus’d  to  be  melted  in  a certain  proportion.  Upon  this  ac- 
count, it  feems,  the  mixture  of  the  ingredients  had  acquired  fuch  a new 
texture,  as  fitted  the  mafs  to  afford  this  odd  phenomenon  ; which  argues, 
that  there  may  be  flames  of  metalline  fulphurs  produc’d  as  eafily,  without 
the  concurrence  of  the  air,  as  that  of  common  fulphur  ; and  continue  to 
burn  longer  than  that  in  our  vacuum. 

64.  Having  plac’d  our  cylindrical  plate  of  iron,  firft  brought  to  be  red 
hot,  in  a receiver,  capable  of  containing  two  gallons  of  water  ; and  ha* 
ving  alfo  diligently  pump’d  out  the  air,  we  kindled  a little  fulphur  upon 
the  heated  plate  ; and  then  a piece  of  dry’d  fpunck,  ty’d  to  a firing,  was 
let  down  to  the  flame.  When  the  experiment  was  finifh’d,  and  the  fpunck 
taken  out,  we  found  it,  in  feveral  places,  not  manifeftly  alter’d  fo  much 
as  in  colour  ; and  in  thofe  parts  that  had  been  moft  expos’d  to  the  flame, 
it  was  turn’d  to  a fubftance  very  different  from  allies  ; being  black,  and 
brittle  as  tinder,  and,  like  that,  exceedingly  difpofed  to  kindle  upon  the 
touch  of  fire. 

65.  Into  the  ft  me  receiver,  we  convey’d  the  fame  cylindrical  plate  of 
iron  ; and  when  the  air  had  been  thoroughly  pump’d  out,  we  let  a piece 
of  fuch  brimftone  down  upon  the  hot  iron,  as  would  there  kindle  with  the 
heat.  A little  above  this  fulphur,  we  had  ty’d  to  the  fame  firing,  a piece 
of  camphire,  that  being  a body  exceedingly  apt  to  take  fire,  or,  as  it  were, 
to  draw  it  at  the  flame  of  lighted  brimftone  ; but  our  fulphur  melting  with 
the  heat  of  the  iron,  dropt  from  the  firing  it  was  faften’d  to.  As  foon  as  it 
came  to  the  bottom,  where  it  was  diftant  from  the  vehement  heat  of  the 
metal,  the  flame  expired  ; but  a part  of  it,  that  happen’d  to  flick  to  the 
fide  of  the  iron,  was  inflam’d  by  it,  and  the  flame  reach’d  the  camphire, 
without  being  able  to  make  it  blaze. 

2 We 


CUQ. 


P hyjico-mechanical  Experiments.  523 

We  alfo  attempted  to  kindle  one  piece  of  fulphur  in  vacuo , by  the  flame  PVNT^IC' 
of  another,  ty’d  a little  lower  on  the  fame  firing,  that  it  might  firil  touch 
the  heated  iron,  and  be  thereby  fet  on  fire  *,  but  tho’  we  could  find  nothing 
amifs  in  the  kind  of  fulphur  we  then  us’d,  yet  we  were  not  able,  even  by  a 
repeated  trial,  to  make  it  take  fire  upon  the  iron  j where,  neverthelefs,  it 
melted,  and  feem’d  a little  to  boil. 

A third  trial  was  not  fo  unfuccefsful ; for  having  in  the  receiver,  well 
exhaufled,  let  down  a card-match  upon  a very  hot  iron,  the  lower  extreme 
of  it  was  kindled  thereby.  But  tho*  the  fulphurated  part  of  the  match  thus 
flam’d  away,  yet  the  remaining  part,  which  was  a mere  piece  of  card,  was 
not  thereby  turn’d  into  flame,  nor,  in  mod  places,  fo  much  as  fenfiblv 
fcorch’d  or  black’d,  tho’  it  had  been  purpofely  dry’d  beforehand. 

66.  Upon  a paper,  laid  on  a convenient  part  of  the  plate  of  the  engine,  Gun-powder , 
we  made  a train  of  dry  powder,  as  long  as  the  glafs  would  well  cover  ; tb o'  fired  it - 
then  carefully  fattening  on  the  receiver,  we  exadtly  pump’d  out  the  air  \ firej  not 
which  done,  we  took  a good  burning-glafs,  and  about  noon  caft  the  fun-  th*a  contl&uous 
beams  thro’  it,  upon  a part  of  the  train  ; but  the  indifpofition  of  the  pow- grat*  m 
der  to  fire  was  fo  great,  that  it  ttnoked,  and  melted,  without  going  off. 

We  afterwards  employ’d  a thinner,  and  more  tranfparent  receiver,  which 
fo  little  weaken’d  the  fun’s  rays,  that  being  kept  obftinately  upon  the  fame 
part  of  the  train,  they  were  able  to  fire  feveral  parts,  one  after  another,  tho* 
they  could  not  caufe  the  flame  to  propagate  ; only  thofe  parts  that  were 
melted,  did,  at  length,  kindle,  and  fly  away,  leaving  the  reft  unalter’d  ; 
fo  that  I found  feveral  little  mattes  of  dittolv’d  matter,  in  feveral  parts  of 
the  train,  with  the  powder  unchang’d  in  all  the  others.  And  fome  of  thefe 
mattes  were  contiguous  to  grains  of  the  powder,  which  both  appear’d  un- 
chang’d,. and  kindled  readily,  and  flafh’d  all  away,  as  foon  as  I caus’d 
the  burning-glafs  to  be  applied  to  them  in  the  open  air. 

67.  For  farther  confirmation  of  fo  odd  an  experiment,  I /hall  add,  that 
to  try  whether  by  the  help  of  one  of  thofe  little  inftruments,  wherewith 
the  ftrength  of  powder  is  commonly  examin’d,  we  could  find  any  differ- 
ence made  by  the  abfence  and  prefence  of  the  air,  in  the  reflftance  of  the 
inftrument,  or  the  effedls  of  the  powder  on  it  * we  fatten’d  it  to  a compe- 
tently heavy,  and  commodioufly  (hap’d  weight  of  lead  *,  and  when  it  was 
carefully  fill’d,  and  primed  with  powder,  v/e  plac’d  it  in  a receiver  of  a 
convenient  bignefs  ; whence  we  pump’d  out  the  air  after  the  ufual  man- 
ner, tho’  perhaps  with  more  than  ufual  diligence.  But  tho’  at  length, 
after  the  powder  had  long  refitted  the  beams  of  the  fun,  thrown  on  it  by 
a good  double  convex-glafs,  it  took  fire  at  the  touch-hole,  and  fill’d  the 
receiver  with  fmoke  ; yet  this  kindled  powder  could  not  propagate  the 
flame,  to  that  which  was  in  the  box,  how  contiguous  foever  the  parcels 
were  to  one  another  tho’  when  the  inftrument  was  taken  out  into  the  air, 
where  the  touch- hole  appear’d  to  be  free  ; as  foon  as  ever  new  priming, 
witn  the  fame  fort  of  powder,  was  put  in,  the  whole  very  readily  went  e-iF. 

And  when  we  caus’d  the  inftrument  to  be  new  charg’d,  and  upon  its  firing 
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only  at  the  touch-hole  in  the  exhautted  receiver,  order’d  new  primin'*  to 
be  added,  without  fo  much  as  taking  the  inftrument  out  of  the  glafs ; tho’ 
afterwards  this  was  clos’d  again,  but  without  being  exhauftedt  the  pow- 
der, clofely  fliut  up  in  the  glafs,  readily  went  off ; as  well  that  which  was 
in  the  box  or  cavity  of  the  powder-tryer,as  that  which  lay  on  the  outward 
part  of  it.  And  this  experiment  was  repeated  with  the  like  fuccefs. 

68.  A few  corns  of  gun-powder  being  included  in  a very  fmall  bubble, 
freed  from  air,  and  fecur’d  againft  the  return  of  it,  and  then  apply’d  wa- 
rily to  coals  cover’d  with  afhes,  did  neither  go  off  nor  burn  j but  afford- 
ed a little  yellow  powder,  that  feem’d  to  be  fulphur,  fublimed  to  the  uo- 
per  part  of  the  glafs.  But  two  larger  bubbles,  tho’  ftrong,  whereof  one 
had  the  air  but  in  part,  and  the  other  totally  evacuated,  being  provided, 
each  of  them,  with  a greater  quantity  of  powder  ; a while  aft<Tr  they  were 
put  upon  quick- coals,  they  were  both  blown  to  pieces,  with  a report  al- 
moft  like  that  of  a mufquet ; but  tho’  this  was  done  in  a dark  place,  yet 
we  did  not  perceive  any  real  flame  produc’d. 

69.  We  put  a fpoonful  of  highly  re&ify’d  fpirit  of  wine  into  a fmall 
glafs  lamp,  conveniently  fhaped,  and  purpofely  blown,  with  a very  fmall 
orifice,  at  which  we  thrufl  in  a (lender  cotton-wieck  ; we  alfo  provided  a 
tall  glafs  receiver,  in  length  18  inches,  that  contain’d  above  20  pints  of 
water.  This  receiver,  which  was  open  at  both  ends,  had  its  upper  orifice 
cover’d  with  a brafs  plate,  faflen’d  on  very  clofe  with  good  cement ; and 
for  the  lower  orifice,  which  was  far  the  wideft,  we  had  provided  a brafs 
plate,  furnifh’d  with  a competent  quantity  of  the  cement  we  employ’d  to 
keep  the  air  out  of  the  pneumatical  engine  *,  by  means  whereof,  we  could 
fufliciently  clofe  the  lower  orifice  of  our  receiver,  and  hinder  the  air  from 
getting  in  at  it.  We  then  lighted  up  the  fmall  glafs  lamp,  and  plac’d  it, 
together  with  a green-finch,  upon  the  brafs-plate,  and  in  a trice  fatten’d 
it  to  the  lower  orifice  of  the  receiver,  and  then  watch’d  the  event ; which 
was,  that  within  two  minutes  the  flame,  after  having  feveral  times  almott; 
dilappear’d,  was  utterly  extinguifh’d  ; but  the  bird,  tho’  for  a while  he 
feem’d  to  clofe  his  eyes,  as  tho’  he  were  fick,  appear’d  lively  enough  at 
the  end  of  the  third  minute,  when  I caus’d  him  to  be  taken  out. 

After  he  had,  by  being  kept  in  the  free  air,  recover’d  and  refrefh’d  him- 
felf,  the  former  trial  was  repeated  ; and  at  the  end  of  the  fecond  minute 
the  flame  of  the  lamp  went  out  v but  the  bird  feem’d  not  to  be  endanger’d 
by  being  detain’d  a while  longer. 

After  this,  we  put  in,  with  the  fame  bird,  two  lighted  lamps  at  once, 
whofe  flames  lafted  not  one  whole  minute,  before  they  went  out  together  • 
but  the  bird  appear’d  unhurt,  after  having  been  kept  five  or  fix  times  as 
long,  before  we  took  off  the  receiver. 

In  the  tall  receiver,  above-mention’d,  we  included  a moufe,  with  a 
lighted  lamp,  fill’d  with  the  fpirit  of  wine  \ but  before  the  experiment  was 
near  finiih’d,  the  moufe,  being  at  liberty  within  the  glafs,  made  fhift  to 
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extinguish  the  flame;  which,  being  revived,  without  taking  out  eitherPNF-UMATIcs 
the  lamp,  or  the  animal,  the  Spirit  ot  wine  burned  about  a minute  longer; 
during  which  time,  the  moufe  appear’d  not  to  be  grown  Tick,  no  more 
than  when,  for  fome  minutes  after  the  extinction  of  the  flame,  he  had  been 
kept  in  the  fame  clofe  and  infeCted  air. 

We  afterwards  placed  the  fame  moufe  in  another  receiver,  which  feem’d 
lefs,  by  a third,  than  the  former  ; and  in  it  we,  alfo,  fix’d  a piece  of  (len- 
der wax-candle,  which  continu’d  burning  in  this  receiver,  but  for  one 
minute  ; and,  during  that,  it  emitted  much  fmoke  : the  animal,  never- 
thelefs  appear’d  lively,  even  after  we  had  kept  him  much  longer  in  that 
infeCted  air.  And  the  fame  candle,  without  being  taken  out,  was  lighted 
again,  but  burned  not  fo  long  as  before  ; yet  it  fufficed  to  darken  the  re- 
ceiver, and  therefore,  probably,  much  clogg’d  the  included  air  : in  which, 
neverthelefi,  the  moufe  being  kept  for  eight  or  ten  minutes  longer,  he 
appear’d,  neither  when  taken  out,  nor  a while  before,  to  have  receiv’d 
any  confiderable  harm  from  his  detention. 

70.  We  included  a green-finch,  and  a piece  of  lighted  candle,  in  a The  duration 
great  capp’d  receiver,  capable  of  containing  two  gallons  of  water,  and  of  a bird's  life, 
very  carefully  cemented  on  to  the  pump:  in  this  glafs,  we  fuffer’d  the  can-  c°™Pared  wlth 
die  to  burn,  till  the  name  expired,  which  it  did  within  lefs  than  two  a burning  coal 
minutes ; whilft  the  bird  feem’d  to  be  in  no  danger  of  fudden  death  ; and,  and  candle , in 
tho’  kept  a while  longer  in  that  clogg’d  and  fmoaky  air,  he  appear’d  well, vacuo* 
when  the  receiver  was  remov’d.  We,  afterwards,  put  the  fame  bird  in- 
to the  receiver,  with  a piece  of  fmali  wax- taper  ; whofe  flame,  tho’ it 
laded  longer  than  the  other,  yet  the  bird  out-liv’d  it:  and,  ’twas  judg’d, , 
he  would  have  done  fo,  tho’  the  flame  had  been  much  more  durable.  Af- 
ter this,  we  included  the  fame  bird,  with  the  former  candle,  in  the  receiver, 
which  we  had  caus’d  to  be  often  blown  into  with  a pair  of  bellows,  to 
drive  out  the  fmoke,  and  infedted  air  ; and  then,  beginning  to  pump,  we 
found,  that  the  flame  began  to  decay  more  fuddenly,  and  the  bird  to  be 
much  more  difcompos’d,  than  in  the  former  experiments:  but  (till  he 
furviv’d  the  flame,  tho’  not  without  convulfive  motions. 

We  repeated  the  experiment  with  a piece  of  wax-taper,  and  the  fame 
bird,  which,  tho’  call  into  dangerous  Symptoms,  upon  the  gradual  eva- 
cuation of  the  air,  out-liv’d,  not  only  the  flame,  but  the  fmoke  too,  that 
iflfued  from  the  kindled  wieck  ; a circumftance  that  was,  alfo,  obferv’d  in 
the  preceding  trial.  Laftly,  having  freed  the  receiver  from  fmoke,  and 
fupply’d  it  with  fre(h  air  ; we  put  in,  with  the  fame  bird,  a piece  of  char- 
coal, of  about  two  inches  in  length,  and  half  an  inch  in  breadth,  which, 
juft  before,  had  been  well  blown  with  a pair  of  bellows  ; immediately 
pumping  out  the  air,  till  none  of  the  fire  could  be  difcern’d,  and  till  it 
feem’d  irrecoverable,  by  the  admiflion  of  the  outward  air  ; which  being 
afterwards  admitted,  the  bird  was,  indeed,  very  fick,  yet  capable  of  a 
very  quick  recovery.  And  this  experiment  we,  with  the  fame  animal, 
and  re- kindled  coal,  made  over  again  with  the  fame  fuccefs. 
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pneumatics  yIt  We  took  two  glow-worms,  that  (none  vividly,  efpecially  one  of 


them,  whole  Jight  appear'd  itrong,  and  ting'd,  as  it  it  had  been  trani- 


minous matter,  eluded  in  a finall  receiver,  of  finer  glafs  than  ordinary  ; and,  having  re- 


mov’d the  candles,  that  no  other  light  might  obfeure  that  of  the  iniedts, 
we  waited  in  the  dark,  till  it  was  confpicuous,  and  then  ordered  the  air  to 
be  pump’d  out ; and,  upon  the  very  firft  exfudtion,  there  began  to  be  a 
diminution  of  the  light,  which  grew  gradually  dimmer,  as  the  air  was  more 
withdrawn;  till  at  length,  it  quite  difappear’d.  This  darknefs  having 
been  fuffer’d  to  continue  a long  while  in  the  receiver,  we  let  in  the  air  a- 
gain,  whofe  prefence  reftor’d,  at  lead,  as  much  light  as  its  abfence  had  de- 
prived us  of.  This  experiment  was  repeated,  with  the  addition  of  one 
more  of  thofe  infedls  ; when  they  all  three  gradually  loft  their  light,  by 
the  exhauftion  of  the  receiver,  and  regain’d  it  by  the  return  of  the  air. 
And  here  we  let  in  the  air  by  degrees,  and  with  an  interval  or  two  ; and 
obferv’d,  that  as  the  light  was  gradually  diminifh’d,  upon  withdrawing 
the  air  ; fo  the  returning  fplendor  was  gradually  increas’d,  as  we  let  more- 
in  upon  the  worms. 

72.  ’Tis  known,  that  if  glow-worms  be  kill’d  whilft  they  are  fhining, 
their  luminous  matter  may  continue  to  fhine  long  after  ’tis  taken  out  of 
their  bodies.  And,  having  put  fome  of  that,  we  look  out  of  the  fore- 
mention’d  infedts,  upon  a little  paper,  and  included  it  in  the  receiver,  we 
employ’d  ; the  candles  being  remov’d  ; we  perceiv’d  it  to  fhine  vividly, 
before  the  pump  was  fet  on  work  ; and  afterwards,  to  grow  dimmer,  by 
degrees,  as  the  air  was  exhaufted,  till  at  length  it  quite  vanifh’d  : but  it  re- 
appeared immediately  upon  the  air’s  return.  This  experiment  was  re- 
peated twice  more,  with  the  lame  fuccefs.  But  we  took  notice,  that  the 
luminous  matter,  after  the  air  was  let  in,  feem’d  not  only  to  have  regain’d 
its  former  degree  of  light,  but  to  have  acquired  a greater  ; as  it  once  hap- 
pen’d alfo  in  the  experiment  made  on  the  living  worms.  It  was  fomewhat 
ftrange  to  obferve,  that  fo  very  fmall  a quantity  of  air,  as  we  at  firft  let  in, 
before  the  light  revived,  was  fufRcient  to  make  it  become  plainly  vifible, 
tho’  dim  : in  which  ftate  it  continu’d,  till  we  thought  fit  admit  more  air. 

73.  Having,  at  another  time,  procured  two  more  of  thofe  infedts, 
whereof  one  was  judg’d  to  be  as  large  as  three  ordinary  ones  ; when  we 
had  brought  them  out  of  the  country  to  London , the  great  worm  appear’d 
to  be  dead  ; but,  finding  him  to  retain  a confiderable  degree  of  light,  in 
the  under  part  of  his  tail,  we  put  him  into  the  fmall  receiver  formerly 
mention’d,  to  try  whether,  after  the  death  of  the  animal,  the  fhining  mat- 
ter would  retain  its  former  properties ; and,  at  the  firft  ftroke  of  the 
pump,  the  light  was  not  abolifh’d,  but  continu’d  vivid  : and  fo  it  did, when 
the  air  being  let  in,  and  again  withdrawn,  the  trial  was  made  a fecond  time. 
I afterwards  caufed  the  receiver  to  be  exhaufted  once  or  twice  more  ; and 
at  length  perceived,  that  the  light  began  to  diminifh,  as  the  air  was  with- 
drawn ; and  at  laft  of  all,  it  fo  difappear’d,  that  we  could  not  fee  it : but 
upon  the  re-admiftlon  of  the  air,  the  light  ftione  vividly,  as  before,  if  not 


more  bright. 
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This  experiment  was  repeated,  with  the  fame  fuccefs,  and  both  times,  Ps™jics 
the  like  happen’d  to  the  light  of  the  dead  one,  and  of  the  living  one,  that 
we  included  with  it ; tho’  there  was  this  difparity  betwixt  them,  that  the 
luminous  part  of  the  dead  worm  appeared  much  larger  than  that  of  the 
living  one  : and  the  light  of  the  latter  was  of  a very  greenifh  blue  ; but  of 
the  former,  a white  yellow. 

74.  A moufe,  weighing  about  three  drams  and  an  half,  being  put  in  one  Animals 
fcale  of  a very  nice  balance,  was  counterpoifed  together  with  a firing  put  weighed  before 
about  his  neck  in  a noofe  ; and  foon  after,  by  drawing  the  ends  of  that,  an 

we  ftrangled  him:  when  we  judg’d  him  quite  dead,  we  weighed  him  a- 
gain  ; and,  tho’  nothing  was  feen  to  fall  from  him  ; yet,  contrary  to  the 
received  tradition,  that  bodies  are  much  heavier  dead  than  alive,  we  found 
his  weight  diminifii’d  about  of  a grain  *,  which,  probably,  proceeded 
from  the  avolation  of  feveral  fubtile  particles,  upon  his  violent  and  con- 
vulfive  flrugglings  in  death. 

Afterwards,  in  a larger  balance,  made  for  nice  experiments,  we  took  a 
very  young  kitten,  between  ten  and  eleven  ounces  in  weight,  and  caus’d 
him  to  be  ftrangled  on  the  fcale,  wherein  he  had  been  put.  But,  being 
not  immediately  difpatch’d,  as  young  animals  of  this  kind  are  not  eafily 
deftroy’d  for  want  of  refpiration ; we  found  him,  by  that  time  he  was 
quite  dead,  lighter,  by  four  grains. 

75.  Nature  having  furnifh’d  water-fowl  with  a peculiar  ftruflure  o f Experiments 
fome  vefiels  about  the  heart,  to  enable  them,  when  they  dive,  to  fuf  ^a^ofre- 
pend,  for  a while,  the  a<5t  of  refpiration  under  water,  without  prejudice  ; fpiration  made 
1 thought  fit  to  try, whether  fuch  animals  would,  much  better  than  others,  upon  ducks . 
fuftain  the  want  of  the  air  in  our  exhaufted  receiver. 

We  put  a full-grown  duck  into  a receiver,  whereof  ftie  fill’d  about  a 
third  part  ; but  was  very  unable  to  ftand  in  any  pofture  therein:  then- 
pumping  out  the  air,  tho’  fhefeem’d,  at  firft,  to  continue  well,  fomewhat 
longer  than  a hen  in  her  condition  would  have  done  •,  yet,  within  one  mi- 
nute-, fhe  appear’d  much  difeompos’d,  and,  between  that  and  the  fecond 
minute,  her  convulftve  motions  encreafed  fo  much,  that  her  head  hang- 
ing carelefly  down,  fhe  feemed  to  bejuft  at  the  point  of  death  ; from 
which,  we  prefently  refeued  her,  by  letting  in  the  air.  And,  to  mani- 
feft,  that  it  was  not  the  clofenefs  and  narrownefs  of  the  veflel,  that  pro- 
duced this  great,  and  fudden  change,  we,  foon  after,  included  the  fame 
bird  in  the  fame  receiver  ; and,  having  cemented  it  on  very  clofe,  we  fuf- 
fer’d  her  to  ftay,  thus  fliut  up  with  the  air,  five  times  as  long  as  before, 
without  perceiving  her  to  be  difeompos’d  ; and,  fhe  might,  probably,  have 
continued  longer  in  the  fame  condition. 

76.  Having  procured  a duckling,  that  was  yet  callow,  we  convey’d 
her  into  the  fime  receiver,  wherein  the  former  had  been  included,  and  ob- 
ferved,  that  tho’  ror  a while,  fhe  appear’d  not  much  difordered,  whilft 
the  air  was  pumping  out  •,  yet  before  the  firft  minute  was  ended,  fhe  gave 
manifeft  figns  of  being  much  difeompofed  : and  the  operation  being  conti- 
nued a while  longer,  convuifive  motions  enfued  fo  fa  ft,  that,  belore  the 
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P*EuMATicffeCond  minute  was  expired,  we  were  obliged  to  let  in  the  air,  whereby 
fhe  quickly  recover’d. 

When  the  receiver  was  pretty  well  exhaufted,  the  included  bird  ap- 
peared manifeftly  bigger  than  before  the  air  was  withdrawn,  efpecially  a- 
bout  the  crop  ; tho*  that  was  very  turgid  before.  We  alfo  kept  the 
fame  duckling,  in  the  fame  receiver,  very  clofo*  for  above  fix  mi- 
nutes, without  perceiving  her  to  grow  fick  upon  her  imprifonment ; which 
yet  lafted  above  thrice  the  time,  that  before  fufficed  to  reduce  her  to  a 
gafping  condition. 

It  not  being  intended,  that  water- fowl,  fhould,  any  more  than  other 
birds,  live  in  an  exceeding  rarified  air,  but  only  to  be  able  to  continue, 
upon  occafion,  under  water,  it  may  fufHce,  that  the  contrivance  of  thefe 
parts  relating  to  refpiration,  be  barely  fitted  for  that  purpofe. 

Upon  vipers.  Vipers  being  endowed  with  lungs,  tho*  of  a different  ft ruftu re  from 
thofe  of  other  animals  *,  and  their  blood  being,  as  to  fenfe,  actually  cold  ; 

I thought,  it  might  be  worth  trying,  what  effect  the  abfence  of  the  air 
would  have  upon  them. 

77.  Jan . 2.  We  included  a viper  in  a fmall  receiver,  and  as  we  drew 
out  the  air,  fhe  began  to  fwell,  and  afforded  us  thefe  phenomena. 

1.  It  was  a long  while  after  we  had  left  pumping,  before  fhe  began  to 
fwell,  fo  much  as  forced  her  to  gape,  which,  afterwards  fhe  did. 

2.  She  continued  above  two  hours  and  a half  in  the  exhaufted  receiver, 
without  giving  clear  proof  of  her  being  killed. 

3.  After  fhe  was  once  fo  fwelled,  as  to  be  compelled  to  open  her  jaws, 
fhe  appeared  {lender  and  lank  again  ; and  yet,  very  loon  after,  appeared 
fwelTd  again,  and  had  her  jaws  disjoin’d  as  before. 

78.  Including  a viper  in  a fmall  receiver,  we  emptied  it  very  carefully  ; 

when  the  viper  moved  up  and  down  within,  as  if  it  were  to  leek  for  air  j 
and,  after  a while,  foamed  a little  at  the  mouth,  and  left  off  the  foam, 
flicking  to  the  infide  of  the  glafs : her  body  fwelled  not  confiderably,  and 
her  neck  lefs,  till  a pretty  while  after  we  had  left  off  pumping  ; but  after- 
wards the  body  and  neck  grew  prodigiouQy  tumid,  and  a blifter  appear- 
ed upon  her  back.  An  hour  and  an  half  after  the  receiver  was  exhaufted, 
tnediftended  viper  gave,  by  motion,  manifeft  figns  of  life  ; butweob- 
ferved  none  afterwards.  The  tumor  reach’d  to  the  neck,  but  did  not 
feem  much  to  fwell  the  under-jaw.  Both  the  neck,  and  a great  part  of  the 
throat,  being  held  betwixt  the  eye  and  the  candle,  were  tranfparent, 
where  the  fcales  did  not  darken  them.  The  jaws  remain’d  mightily  open- 
ed, and  fomewhat  diftorted  j the  Epiglottis , with  the  Rimula  Laryngis , 
(which  remain’d  gaping)  was  protruded  almoft  to  the  further  end  of  the 
under-jaw.  As  it  were,  from  beneath  the  Epiglottis , came  the  black 
tongue,  and  reached  beyond  it,  but  feemed,  by  its  pofture,  not  to  have  a- 
ny  life  *,  and  the  mouth  alfo  was  grown  blackilh  within  ; but  the  air  being 
re-admitted,  after  twenty-three  hours  in  all,  the  viper’s  mouth  was  pre- 
fently  doled,  tho’  foon  after,  it  was  open’d  again,  and  continued  long  fo$ 
whilft  fcorching  or  pinching  the  tail,  made  a motion  in  the  whole  bod\ , 
thit  argued  fome  life.  79.  Apt  l 
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79.  April  25.  We  included  an  ordinary,  harmlefs  fnake,  together  Pn^J,ci 
with  a gage,  in  a portable  receiver,  which,  being  exhauded,  and  well  fe- 
cured  againd  the  ingrefs  of  the  air,  was  laid  afide  in  a quiet  place,  where  it  Jna'e% 
continued  from  about  ten  or  elven  a-clock  in  the  forenoon,  till  about  nine 
the  next  morning:  and  then,  looking  upon  the  fnake,  tho’ he  feem’d  to 
be  dead,  and  gave  no  figns  of  life,  upon  the  fliaking  of  the  receiver,  yet, 
upon  holding  the  glafs,  at  a convenient  didance,  from  a moderate  fire,  he 
in  a fhort  time,  manifeded  himfelf  alive,  by  feveral  tokens  ; and  even 
by  putting  out  his  fork’d  tongue.  In  this  condition  I left  him,  and  came 
not  to  look  upon  him  again,  till  the  next  day,  early  in  the  afternoon  ; at 
which  time,  he  was  grown  pad  recovery,  and  his  jaws,  which  were  for- 
merly fhut,  gaped  exceeding  wide,  as  if  they  had  been  dretched  open  by 
fome  external  violence. 

80.  Sept.  9.  We  included  a large,  ludy  frog,  in  a fmall  receiver,  drew  out  Frogs, 
the  air,  and  left  her  not  very  much  fwell’d,  and  able  to  move  her  throat  *, 
tho’  not  fo  fad  as  when  die  breath’d  freely,  before  theexfu&ion  of  the  air. 

She  continued  alive  for  about  two  hours,  that  we  took  notice  of,  fome- 
times  removing  from  one  fide  of  the  receiver  to  the  other  ; die  dwell’d  more 
than  before,  and  did  not  appear,  by  any  motion  of  her  throat,  or  thorax, 
to  exercife  refpiration  ; but  her  head  was  not  very  much  dwell’d,  nor  her 
mouth  forced  open.  After  die  had  remained  there  above  three  hours,  per- 
ceiving no  fign  of  life  in  her,  we  let  in  the  air,  upon  which  the  tumid  bo- 
dy dirunk  very  much,  but  feem’d  not  to  have  any  other  change  wrought 
in  it*,  and  tho*  we  took  her  out  of  the  receiver,  yet,  in  the  free  air,  die 
continued  to  appear  dark  dead.  But,  having  caufed  her  to  be  laid  upon 
the  grads,  in  a garden,  all  night,  we  found  her,  the  next  morning,  per- 
fectly alive  again. 

81.  June  29.  About  eleven  of  the  clock  in  the  fore-noon,  we  put  a frog 
into  a fmall  receiver,  containing  about  fifteen  ounces,  and  one  quarter, 
troy-weight,  of  water;  out  of  which  we  had,  tolerably  well  drawn  the 
air:  ( fo  that  when  we  turn’d  the  cock  under  water,  it  fuck’d  in  about  thir- 
teen ounces,  and  one  quarter,  of  water,  ) the  frog  continued,  the  receiver 
being  all  the  while  under  water,  lively,  till  about  five  of  the  clock  in  the 
afternoon,  when  die  expired.  At  the  fird  die  feem’d  not  to  be  much  al- 
ter’d by  the  exfuCtion  of  the  air,  but  continued  breathing,  both  with  her 
throat  and  lungs. 

82.  Sept . 6.  We  included  into  a pretty  large  receiver,  two  frogs  newly 
taken  ; the  one  not  above  an  inch  long,  and  proportionably  dender ; the 
other,  very  large  and  ludy.  Whild  the  air  was  drawing  out,  the  le'fier  frog 
fkipp’d  up  and  down  very  lively,  and,  feveral  times,  clamber’d  up  the  fides 
of  the  receiver,  fo  that  he  fometimes  wreded  himfelf  againd  the  Tides  of  the 
glafs.  When  his  body  feem’d  to  be  perpendicular  to  the  horizon,  if  not  in 
a reclining  pofture,  he  continued  to  fkipupand  down  a while,  after  the  ex- 
fuction  of  the  air ; but,  within  a quarter  of an  hour,  we  perceived  him  to  lie 
dark  dead,  with  his  belly  upwards.  The  other  frog,  that  was  very  large 
and  drong,  tho’ he  began  to  fwell  much  upon  withdrawing  the  air,  and 
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feemed  to  be  diftrefs’d,  yet  he  held  out  half  an  hour  ; when  it  was  remark  - 
able, that  the  receiver,  though  it  had  withftood  the  prefiure  of  the  out- 
ward air,  during  that  fpace,  notwithftanding  a piece  of  it  had  been  crack’d 
out,  but  cemented  in  again,  yet  at  the  end  of  the  half  hour,  the  weight  of 
the  outward  air  fuddenly  beat  it  in,  and  thereby  gave  the  imprifon’d  frog 
relief. 

83.  Sept.  1 1.  We  convey’d  a fmall  frog  into  a very  fmall  portable  recei- 
ver, and  began  to  pump  out  the  air.  At  firft  fhe  was  lively,  but  when  the 
air  was  considerably  withdrawn,  fhe  appear’d  to  be  very  much  difquieted  ; 
yet  not  fo,  but  that,  after  the  operation  was  ended,  and  the  receiver  taken 
off,  fhe  was  perfectly  alive,  and  continued  to  appear  fo  for  an  hour,  tho* 
the  abdomen  was  very  much,  and  the  throat  fomewhat  extended  ; the  lat- 
ter having,  alfo,  left  off  the  ufual  panting  motion  which  is  fuppofed  to 
argue  and  accompany  the  refpiration  of  frogs.  At  the  end  of  about  three 
hours  and  a quarter,  after  the  removal  of  the  receiver  from  the  pump,  the 
air  was  let  in  j whereupon  the  abdomen,  which,  by  that  time,  was  ftrange- 
ly  fwell’d,  not  only  fubfided,  but  feem’d  to  have  a great  cavity  in  it,  as 
the  throat,  alfo,  proportionably  had  j which  cavities  continued  after  the 
frog  was  gone  paftall  recovery. 

84.  April  14.  A large  frog  was  convey’d  into  a plated  receiver,  and  the 
air  being  withdrawn,  her  body,  by  degrees,  diftended.  The  receiver, 
with  the  gage,  was  kept  under  water  near  feven  hours ; at  the  end  of  which, 

I found  it  tight,  but  the  frog  dead,  and  exceedingly  fwell’d : upon  letting 
in  the  air,  fhe  became  more  hollow  and  lank  than  ever. 

85.  We  took  a kitlingone  day  old,  and  put  him  into  a very  fmall  recei- 
ver, that  it  might  be  the  fooner  exhaufted  ; and  within  about  one  minute 
after  the  air  firft  began  to  be  withdrawn,  the  little  animal  which,  in  the 
mean  time,  gafp’d  for  life,  and  had  fome  violent  convulfions,  lay  as  dead, 
with  his  head  downwards,  and  his  tongue  out  *,  but,  upon  letting  in  the  air, 
he,  in  a trice,  fhew’d  figns  of  life  > and,  being  taken  out  of  the  receiver, 
quickly  recover’d.  We  then  fent  for  a kitling  of  the  fame  litter,  which  be- 
ing put  into  the  fame  receiver,  quickly  began,  like  the  other,  to  have  con- 
vulfions, and  after  to  lie  as  dead  i but,  obferving  very  narrowly,  1 percei- 
ved fome  little  motions,  which  made  me  conclude  him  alive.  And  accord- 
ingly, tho’  we  continued  pumping,  and  could  not  perceive  that  the  engine 
leak’d,  the  kitling  began  to  ftir  again,  and,  after  a while,  had  ftronger  and 
more  general  convulfions  than  before : till  at  the  end  of  full  fix  minutes  after 
the  exfudtion  of  the  air  was  begun,  the  animal  feeming  quite  dead,  the  out- 
ward air  was  re-admitted  into  the  receiver ; which  not  reviving  him,  as  it  had 
done  the  other,  he  was  taken  out  of  the  vefiel,  and  lay  with  his  mouth  open, 
and  his  tongue  lolling  out,  without  any  fenfible  refpiration  and  pulfation  ; 
till  having  order’d  him  to  be  pinch’d,  the  pain,  or  l'ome  internal  motion, 
produc’d  by  the  external  violence,  made  him,  immediately,  give  manifeft 
figns  of  life  •,  tho’  there  was  yet  no  fenfible  motion  of  the  heart  or  lungs : 
but  afterwards  gaping,  and  fetching  his  breath  in  an  odd  manner,  and  with 
much  (training,  as  I have  feen  fome  foetus’s  do,  when  cut  out  of  the  womb, 
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he,  by  degrees,  within  about  a quarter  of  an  hour,  recover’d.  We  after- 
wards,  fent  for  another,  kitten’d  at  the  fame  time;  and  inclofing  that, 
alfo,  in  the  receiver,  obferv’d  the  violent  convulfions,  and,  as  it  were, 
gafping  for  breath,  into  which  he  began  to  fall,  at  the  fecond  or  third 
fuck,  ended  in  a feeming  death,  within  about  a minute  and  a half.  But, 
caufing  the  pump  to  be  ply’d,  the  kitling  gave  manifeft  figns  of  life,  after 
he  had  endured  feveral  convulfions,  as  great  ^thofe  of  the  firfl  fit,  if  not 
greater.  When  feven  minutes,  from  the  beginning  of  the  exhauflion, 
were  compleated,  we  let  in  the  air  ; upon  which,  the  little  creature,  that 
feem’d  ftark  dead  before,  made  us  fufpedl  he  might  recover  : but,  tho’ 
we  took  him  out  of  the  receiver,  and  put  Aqua  Vita  into  his  mouth,  yet 
he,  irrecoverably,  died  in  our  hands. 

86.  To  determine  the  quantity  of  air  harbour’d  in  the  pores  of  fluids,  Experiments 
feems  as  difficult  as  it  would  be  ufeful.  To  fhew  how  little  the  air,  con' 

tain’d  in  water,  would  appear  to  leflen  the  bulk  of  the  water,  if  it  were  lour'd  in  tie 
fuffer’d  to  fly  away  in  an  open  tube  ; we  let  it  efcape,  in  an  exhaufted  re-  pores  0f  wa- 
ceiver,  without  any  artifice  to  catch  it : in  which  trial,  the  water  did  not  ter>  &c. 
part  with  any  thing  of  its  bulk,  that  made  a diminution  fenflble  to  the 
eye.  We,  therefore,  endeavour’d  to  make  this  lofs  vifible,  by  fome  other 
experiments. 

A glafs-tube,  feal’d  at  one  end,  and  about  thirty-fix  inches  in  length, 
being  fill’d  with  water,  and  inverted  into  a glafs-veflel,  not  two  inches 
in  diameter,  and  but  a quarter  of  an  inch,  or  little  more,  in  depth  ; the 
glafles  were  convey’d  into  a fit  receiver,  and  the  air  leifurely  pump’d  out, 
and  fomewhat  flowly  re-admitted  ; when,  the  numerous  bubbles,  that  had 
afcended,  during  the  operation,  conftituted,  at  the  top,  an  aerial  aggre- 
gate, amounting  to  T?,  wanting  about  an  hundredth  part  of  an  inch. 

87.  Prefently  after,  another  tube  was  fill’d  with  the  fame  water,  and 
inverted  ; when,  the  water,  being  drawn  down  to  the  furface  of  that 
in  the  veflfel,  and  the  air  let  in  again,  the  water  was  impelPd  up  to  the 
very  top,  within  a tenth,  and  half  a tenth  of  an  inch. 

The  latter  tube  was  forty- three  inches  and  a half  above  the  furface  of 
the  ftagnant  water  ; the  air,  collected  out  of  the  bubbles,  at  the  top  of 
the  water,  was,  the  firfl  time,  above  three  quarters  of  an  inch  *,  and  the 
fecond  time  we  eflimated  it,  at  one  half,  and  one  fixteenth.  The  firfl  time, 
the  water,  in  the  pipe,  was  made  to  fubfide  full  as  low  as  the  furface  of 
the  ftagnant  water  ; the  fecond  time,  the  loweft  that  we  made  it  fubfide, 
feem’d  to  be  four  or  five  inches  above  the  furface  of  the  water  in  the  open 
vefiel. 

But  the  air,  at  the  top  of  the  tube,  poflefs’d  more  room  than  its  bulk 
abfolutely  required  ; becaufe  it  was  fomewhat  defended  from  the  preflure 
of  theatmofphere,  by  the  weight  of  the  fubjacent  cylinder  of  water,  which 
perhaps,  was  about  three  or  four  feet  long. 

88.  We  provided  a clear  round  glafs,  furnifh’d  with  a pipe,  or  ftem, 
about  nine  inches  in  length  ; the  globular  part  of  the  glafs  being,  on  the 
outfide,  about  three  inches  and  a half  in  diameter:  the  pipe  of  this  glafs 
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8 was,  within  an  inch  of  the  top,  melted  at  the  flame  ofa  ]amo  ann  Ar 
out,  for  two  or  three  inches,  as  fiender  as  a crow’s  quill  ^ 
creafe  of  the  water,  upon  the  recefs  of  the  air,  harbour’d’ in  itS  oL« 
might  be  the  more  eafily  obferv’d,  and  eftimated.  Above  this  flelPr  I 
of  the  pipe,  the  glafs  was,  nearly,  of  the  fame  fize  with  the  refl  nf^K 
pipe  ; that  the  aerial  bubbles,  afcending  thro’  the flender part  mLhi^6 
find  room  to  break,  and  fo  prevent  the  lofs  of  any  part  of  the  water  ^ 

r,nrr  .1Srfle  beingkfi- ed’  the  Iifluor  reach’d  to  the  top  of  the  flender 
part , where,  not  being  uniformly  enough  drawn  out  it  wic  r l 

broader  than  elfewhere  f we  conven’d  the^laS.TA  Z h TeSf 
for  it  to  reft  upon,  into  a tall  receiver ; and,  pumping  out  the  air  there 
d.fclofed  themfelves  numerous  bubbles,  afcending  nimbty  to  the  upper  part 
of  the  glafs,  where  they  made  a kind  of  froth  : but  bv 

figure  of  the  veffel,  they  broke  at  the  top  of  the  flender  part,  aX  never 
came  to  overflow.  1 > 10  never 

This  done  the  pump  was  fuffer’d  to  reft  a while,  to  give  the  aerial 
particles,  lodg’d  ,n  the  water,  time  tofeparate  therafelvesf  and  me 
when  the  pump  was  ply’d  again.  Thefe  viciffitudes  of  pumping, TndreV- 
mg,  lafted  for  a confiderable  time  •,  till,  at  length,  the  bubbles  be^an  to 
be  very  rare  ; foon  after  which,  the  external  air  was  let  into  the  receiver  • 
when,  it  appear’d  fomewhat  ftrange,  that  notwithftanding  fo  great  a mUY 
titude  of  bubbles  as  had  efcaped  out  of  the  water,  I could  not  bv  atTn 
tively  comparing  the  place  where  the  furface  of  the  water  refted  at  firft' 

o "[h'ch  a niark  had  been  with  that  where  it  now  flood  difcern 

he  difference  to  amount  to  above  an  hair’s  breadth  ; and  the  chief  oiera- 

tor„  m Ttl^|exPerimien.t  profefs’d  he  could  perceive  no  difference  at  aft 
89.  Filling  a glafs  of  the  fame  lhape,  and  much  of  thefamph"  V 
the  former,  with  claret-wine,  and  placing  it  upon  a convenient  Sfta)5 
in  a tall  receiver,  we  caus’d  fome  of  the  air  robe  pump’d  ou  whero 
upon  there  emerged  thro’ the  flender  pipe,  foverygreai  a mul’rirnH  % 
bubbles  darted,  as  it  were,  upwards!  "as’  both  "pfeas’d  and  furpriz’d 
us  , but  fore  d us  to  go  wanly  to  work,  for  fear  the  glafs  fhould  break 
or  the  wine  overflow,  wherefore,  we,  feafonably,  leftoff  pumpt!  be 
fore  the  receiver  was  near  exhaufted,  and  fufier’d  the  bCbbles  fo  lit 
away  as  they  could,  till  the  danger  was  part  ; then,  from  time  to  time 
we  pump  d a little  more  air  out  of  the  receiver;  the  withdrawing  a 
moderate  quantity  of  air  at  a time  fufficing,  even  at  the  latter  end  Sr^ 

Wrogeffier  C°pi°u(]y  and  fwiftly  afcend>  for  above  a quarter  of  an 

mIvh/nlktleinftrUmenVmad,eufeof  in  *efe  experiments,  being  def.gn’d 
to  examine,  among  other  things,  the  quantity  of  bubbles  lurking  hf  fe- 

veral  liquors,  may  be  apply’d  to  fpirit  of  wine,  and  chSfal  oils 
And  fome  circumftances  of  our  trials  made  us  think  that  r miohr  hp 
worth  examining,  what  kind  of  fubftance  may  be  obtain’d  by  this  wav  of 
treating  aerial  and  fpirituous  corpufcles.  7 y “ 
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P hyjtco-mechanical  Experiments . ^ 5 3 j 

90.  An  oyfter, being  put  into  a very  fmall  receiver,  and  kept  there  long  Pneum  atics 
enough,  to  have,  fucceffively,  kill’d  three  or  four  birds,  or  beafts,  &c.  was 

not  thereby  kill’d,  nor,  for  ought  we  could  perceive,  confiderably  di - an  exhuJiZ 
lturb’d  ; only  at  each  fuck  we  perceiv’d,  that  the  air,  contain’d  between  receiver. 
the  two  fhells,  broke  out  at  their  commiffure  ; as  we  concluded  from  the 
foam  which,  at  thofe  times,  came  out  all  around  that  commilfure.  About 
twenty-four  hours  after,  I found,  that  both  this  oyfter,  and  another,  that 
had  been  put,  at  the  fame  time,  into  the  receiver,  were  alive. 

On  the  fame  day  we  put  a pretty  large  craw-filh  into  a large  re- 
ceiver, and  found,  that  tho*  he  had  been  before  injur’d  by  a fall,  yet  he 
feem’d  not  to  be  much  incommoded,  by  being  included,  till  the  air  was, 
m great  meafure, pump’d  out ; and  then  his  former  motion  prefently  ceas’d, 
and  he  lay  as  dead,  till,  upon  letting  in  a little  air,  he  foon  began  to 
moveafrefh*  and,  upon  withdrawing  the  air  again,  he  prefently,  as  be- 
fore, became  movelefs.  Having  repeated  the  experiment  two  or  three 
times,  we  took  him  out  of  the  receiver,  when  he  appear’d  not  to  have  fuf- 
fer’d  any  harm. 

91.  Having  put  an  oyfter  into  a vial,  full  of  water,  before  we  included 
it  in  the  receiver,  that  thro’  the  liquor  the  motion  of  the  bubbles,  ex- 
pected from  the  filh,  might  be  the  better  feen,  and  confider’d  ; this  oyfter 
prov’d  fo  ftrong,  as  to  keep  itfelf  clofe  fhut,  and  reprefs’d  the  eruption 
of  the  bubbles,  that,  in  the  other,  forc’d  open  the  fhells,  from  time  to 

time  ; and  kept  in  its  own  air,  as  long  as  we  had  occafion  to  continue  the 
trial. 

92.  A craw-filh,  that  was  thought  more  vigorous,  being  fubftituted  in 
the  place  of  the  former  craw-fifh,  tho’ once  he  feem’d  to  lofe  his  motion 
together  with  the  air  ; yet,  afterwards,  he  continu’d  moving  in  the  re- 
ceiver, in  fpight  of  our  pumping. 

93.  We  took  a receiver,  fhaped  almoft  like  a bolt-head,  containing  near  Afcale-fijh  in 
a pint ; and  the  globular  part  of  it,  being  almoft  half  full  of  water,  we  anexhaufted 
put  into  it,  at  the  orifice,  a fmall  gudgeon,  about  three  inches  long  ; receher' 
which  when  it  was  in  the  water  fwam  nimbly  up  and  down  therein : 

then,  having  drawn  out  the  air,  fo  that  about  nineteen  parts  out  of  twenty, 
or  more,  were  exhaufted  ; we  fecur’d  the  return  of  the  air  from  injuring 
our  experiment. 

Now  the  neck  of  the  glafs,  being  very  long,  tho’  there  appear’d  nu- 
merous bubbles  all  about  the  filh  ; yet  the  reft  of  the  water,  notwith- 
ftanding  the  withdrawing  of  fo  much  air,  emitted  no  froth,  and  but  few 
bubbles. 

The  filh,  both  at  his  mouth  and  gills,  for  a long  time,  difcharg’d  fuch  a 
quantity  of  bubbles,  as  appear’d  ftrange  ; and  for  about  half  an  hour, 
when  ever  he  refted  a while,  new  bubbles  would  adhere  to  many  parts  of 
his  body,  (as  if  they  were  generated  there)  efpecially  about  the  fins  and 
tail  ; fo  that  he  would  appear  almoft  befet  with  bubbles  ; and  if,  being 
excited  to  fwim,  he  was  made  to  fhake  them  off,  he  would  quickly*  upon  a 
little  reft,  be  befet  with  new  ones,  as  before. 


Almoft 
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rNEUMATics  Almoft:  all  the  while,  he  would  gape,  and  move  his  gills,  as  before  he 
Was  included  ; tho’,  towards  the  end  of  the  time  I watch’d  him,  he  often 
neither  took  in,  nor  emitted  any  aerial  particles  that  I could  perceive. 

After  a while,  he  lay  almoft  conftantly  with  his  belly  upwards  \ and 
yet,  would,  in  that  pofture,  fwim  brifkly  as  before.  Nay,  foon  after, 
he  feem’d  to  be  more  lively  than  at  firft  putting  in. 

In  about  an  hour  and  a half  after  he  had  been  feal’d  up,  I found 
him  almoft  free  from  bubbles,  with  his  belly  upwards,  and  feeming 
fomewhat  tumid,  yet  lively  as  before.  ' But,  an  hour  and  a quarter  after 
that,  he  feem’d  to  be  movelefs,  and  fomewhat  ftiff  *,  yet,  upon  (baking  the 
glafs,  obferving  faint  figns  of  life  in  him,  by  fome  languid  motions  he 
attempted  to  make,  when  excited  •,  I open’d  the  receiver,  under  water, 
to  try  if  that  liquor,  and  air,  would  recover  him*,  when,  the  external  wa- 
ter ruftiing  in,  till  it  had  fill’d  the  vacant  part  of  the  ball,  and  the  greateft 
part  of  the  ftem,  the  fifn  funk  to  the  bottom  of  it,  with  a greater  appear- 
ance than  ever  of  being  alive : in  which  (late,  after  he  had  continu’d  a 
pretty  while,  I,  by  the  help  of  the  water  he  fwam  in,  got  him  thro’  the 
pipe,  into  a bafon  of  water,  where  he  gave  more  manifeft  figns  of  life. 
But,  yet,  for  fome  hours,  he  lay  on  one  fide  or  other,  without  being  able 
to  fwim,  or  reft  on  his  belly,  which  appear’d  very  much  (hrunk  in. 

All  the  while  he  continu’d  in  the  bafon  of  water,  tho’  he  mov’d  his  gills, 
as  before  he  had  been  feal’d  up  •,  yet  I could  not  perceive,  that  he  did, 
even  in  his  new  water,  emit,  as  formerly,  any  bubbles  tho*,  two  or 
three  times,  I held  him  by  the  tail  in  the  air,  and  put  him  into  the  water 
again  i where,  at  length,  he  grew  able  to  lie  conftantly  upon  his  belly  ; 
tho’  that  retain’d  much  of  its  former  lanknefs.  And  he  lived,  in  the  bafon, 
eight  or  ten  days  longer  ; tho’  feveral  gudgeons,  fince  taken,  died  there 
in  a much  lefs  time. 

Two  animals,  94.  Sept.  12.  A fmall  bird,  having  the  abdomen  open’d  almoft  from 
W^/rfl^k5oflank’  fw!thout  inJuring  the  guts>  was  put  into  a little  receiver, 
abdomen,  in - anc*  the  pump  being  fet  a-work,  continued,  for  fome  little  time,  without 
.eluded  in  the  giving  any  figns  of  diftrefs  j but  at  the  end  of  about  a'minute  and  an  half 
pneumatical  from  the  beginning,  (he  began  to  have  convulfive  motions  in  the 
wings  : and,  tho’  the  convulfions  were  not  univerfal,  or  appeared  violent, 
as  is  ufual  in  other  birds  when  the  air  is  withdrawn,  yet,  at  the  end  ot 
two  full  minutes,  letting  in  the  air,  and  then  taking  off  the  receiver,  we 
found  the  bird  irrecoverable,  tho’  there  appear’d  no  notable  alteration 
in  the  lungs  ; and  the  heart,  or,  at  leaft,  the  auricles  of  it,  continued 
beating  for  a while  after. 

95.  We  took,  alfo,  on  the  fame  day,  a pretty  large  frog,  and  having, 
without  violating  the  lungs,  or  the  guts,  made  two  fuch  incifions  in  the 
abdomen,  that  the  two  curl’d  bladders,  or  lobes  of  the  lungs,  came  out, 
almoft  totally,  at  them  *,  we  fufpended  the  frog,  by  the  legs,  in  a fmall  re- 
ceiver, and,  after  we  had  pump’d  out  a large  part  of  the  air,  the  animal 
ftruggled  very  much,  and  feem’d  to  be  much  diforder’d  ; and  when  the 
receiver  was  well  exhaufted,  (lie  lay  dill,  for  a while,  as  if  (he  had  been 
1 dead  ; 
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dead  ; the  abdomen  and  thigh  being  very  much  fwell’d,  as  if  fome  rarify’d p 1 c 5 
air,  or  vapour,  forcibly  diftended  them.  But  as,  when  the  frog  was  put  in, 
one  of  the  lobes  was  almoft  full,  and  the  other  almoft  fhrunk  up  •,  fo  they 
continu’d  to  appear,  after  the  receiver  had  been  exhaufted  : but  upon  let* 
ting  in  the  air,  not  only  the  body  ceas’d  to  be  tumid,  but  the  plump  blad- 
der appear’d,  for  a while,  fhrunk  up  as  the  other  ; and  the  receiver  being 
remov’d,  the  frog  prefently  revived,  and  quickly  began  to  fill  the  lobe 


again  with  air. 

96.  The  heart  of  an  eel  being  taken  out,  and  laid  upon  a plate  of  tin,  The  motion  of 
in  a fmall  receiver  •,  when  we  perceiv’d  it  to  beat  there,  as  it  had  done  in  thefeparated 
the  open  air,  we  exhaufted  the  veffel,  and  faw,  that  tho*  the  heart  grew  Animal  in°tbe 
very  tumid,  and,  here  and  there,  fent  out  little  bubbles,  yet  it  con -exhaufted  re* 
tinued  to  beat  as  manifeftly  as  before,  and  feemed  to  do  fo  morefwift -ceiver. 

ly  *,  as  we  tried  by  counting  the  pulfations  it  made  in  a minute,  whilft  it 
was  in  the  exhaufted  receiver,  and  when  we  had  re-admitted  the  air,  and 
alfo,  when  we  took  it  out  of  the  glafs,  and  fuffer’d  it  to  continue  its  mo* 
tion  in  the  open  air.  The  heart  of  another  eel,  being,  likewife,  taken  out, 
continu’d  to  beat  in  the  empty’d  receiver,  as  the  other  had  done. 

97.  The  heart  of  another  eel,  after  having  been  included  in  an  exhaufted 
receiver,  and  then  accurately  fecured  from  leaking,  tho’  it  appear’d  very 
tumid,  continu’d  to  beat  there  an  hour  ; after  which,  finding  its  motion 
very  languid,  and  almoft  ceas’d  ; by  breathing  a little  upon  that  part  of 
the  glafs  where  the  heart  was,  it  quickly  regain’d  motion,  which  I obferv’d 
awhile;  and,  an  hour  after,  finding  it  almoft  quite  gone,  I was  able  to 
renew  it,  by  the  application  of  a little  more  warmth*  At  the  end  of  the 
third  hour,  a bubble,  that  appear’d  to  be  placed  between  the  auricle  and 
the  heart,  feem’d  to  have,  now  and  then,  a little  trembling  motion  ; but 
it  was  fo  faint,  that  I could  no  more,  by  warmth,  excite  it,  fo  as  plainly 
to  perceive  the  heart  to  move  : wherefore,  I fuffer’d  the  outward  air  to 
rufh  in,  but  could  not  difcern,  that,  thereby,  the  heart  regain’d  any  fen^ 
fible  motion,  tho’  affifted  with  the  warmth  of  my  breath  and  hands. 

98.  Sept.  10.  A green-finch,  having  his  legs  and  wings  tied  to  a weight,  <fhe  nmes 
was  gently  letdown  into  a glafs  body  fill’d  with  water  ; the  time  of  his  wherein  ani - 
total  immerfion  being  mark’d.  At  the  end  of  half  a minute  after  that  time,  f be 
the  ftrugglings  of  the  bird  feeming  finiffi’d,  when  being  fuddenly  drawn k„in„  J 

up  again,  he  was  found  quite  dead.  drawing  of  the 

A fparrow,  very  lufty  and  quarrelfome,  was  tied  to  the  fame*”',  compared.  - 
weight,  and  letdown  after  the  fame  manner  ; but  tho’  he  feem’d  to  be 
more  vigorous  under  water  than  the  other  bird,  and  continued  ftruggling 
almoft  to  the  end  of  half  a minute,  from  the  time  of  his  total  immerfion  ; 

(during  which,  there  afcended,  from  time  to  time,  large  bubbles  from  his 
mouth)  yet,  being  drawn  up  as  foon  as  ever  the  half  minute  was  com- 
pleated,  we  found  him,  to  our  wonder,  irrecoverably  gone. 

99.  Afmall  moufe,  being  held  under  waterby  the  tail,  emitted,  from  time 
to  time,  leveral  aeriel  bubbles  out  of  his  mouth  ; and,  at  laft,  as  a fpedla- 
tor  affirm’d,  at  one  of  his  eyes : being  taken  out,  at  the  end  of  half  a mi- 


nute, 
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Pneumatics nu te,  and  a few  feconds,  heyet  retain’d  fome  motions : but  they  prov’d 
only  convul  five  ones,  which,  at  laft,  ended  in  death. 

100.  We  fo  tied  a confiderable  weight  of  lead  to  the  body  of  a duck,  as 
not  to  hinder  her  refpiration,  yet  keep  her  under  water  ; which  we  had 
found  a fmall  weight  unable  to  do,  by  reafon  of  her  ftrength  ; and  even 
a great  one,  if  ty’d  only  to  her  feet,  in  fuch  a middle-fized  vefiel  as  ours 
was  ; becaufe  of  the  height  of  her  neck  and  beak.  With  this  clog,  the 
duck  was  put  into  a tub  full  of  clear  water,  under  thefurface  whereof,  (he 
continued  quietly  for  about  a minute;  but  afterwards  began  to  be  much 
difturb’d : the  fit  being  over,  and  perceiving  no  motion  in  her,  at  the  end 
of  the  fecond  minute,  we  took  her  outof  the  water  ; and,  finding  her  in  a 
good  condition,  after  we  had  allow’d  her  fome  breathing-time,  to  recruit 
herfelf  with  frefh  air,  we  let  her  down  again  into  the  tub,  which,  in  the 
mean  time,  had  been  fill’d  with  frefh  water  ; left  the  other,  which  had  been 
troubled  with  the  fleams  and  foulnefs  of  the  body  of  the  animal,  might 
either  haften  her  death,  or  hinder  our  perceiving  what  fhould  happen. 

The  bird  being  thus  under  water,  after  a while,  began,  and,  from  time 
to  time,  continued  to  emit  bubbles  at  her  beak.  There,  alfo,  came  out  at 
her  noftrils  feveral  real  bubbles,  from  time  to  time  ; and  when  the  ani- 
mal had  continued  about  two  minutes  under  water,  fhe  began  to  druggie 
very  much,  and  to  endeavour  either  to  emerge,  or  change  pofture  ; the 
latter  of  which,  fhe  had  liberty  to  do,  but  not  the  former.  After  four  mi- 
nutes, the  bubbles  came  much  more  fparingly  from  her:  then,  alfo,  fhe  be- 
gan to  gape,  from  time  to  time  ; which  we  had  not  obferv’d  her  to  do  be- 
fore, but  without  emitting  bubbles  ; and  fo  fhe  continued  gaping  till  near 
the  end  of  the  fixth  minute  ; at  which  time  all  her  motions,  fome  whereof 
were  judg’d  convuJfive,  and  others  that  had  been  excited  by  rouzing  her, 
appear’d  to  ceafe,  and  her  head  to  hang  carelefly  down,  as  if  fhe  were 
quite  dead.  Notwithftanding  which,  we,  for  greater  fecurity,  continued 
her  under  water  a full  minute  longer  ; and  then,  finding  no  figns  of  life, 
we  took  her  out  ; when,  being  hung  by  the  heels,  and  gently  prefs’d  in 
convenient  places,  fhe  was  made  to  void  a confiderable  quantity  of  water: 
but  whether  any  of  it  had  been  received  into  the  lungs  themfelves,  we 
wanted  time  and  opportunity  to  examine.  All  the  means  we  ufed  to  re- 
cover the  bird,  proving  ineffectual,  we  concluded,  fhe  had  been  dead  a full 
minute  before  we  removed  her  out  of  the  water  : fo  that,  even  this  water- 
fowl,  was  not  able  to  live  in  cold  water,  without  taking  in  frefh  air,  above 
fix  minutes. 

101.  A duckling, havinga  competent  weight  ty’d  to  her  legs,  was  let  down 
into  a tub  of  water,  which  reached  not  above  an  inch  or  two  above  her  beak: 
during  the  mod  part  of  her  continuance  wherein,  there  came  out  nume- 
rous bubbles  at  her  noftrils  ; but  there  feem’d  to  proceed  more  and  great- 
er, from  a certain  place  in  her  head,  almoft  equi-diftant  from  her  eyes, 
tho’  fomewhat  lefs  remote  from  her  neck  than  they.  Whilft  fhe  was  kept 
in  this  condition,  fhe  feem’d,  frequently,  to  endeavour  at  diving  lower 
underwater;  and,  after  much  ftruggling,  and  frequent  gaping,  fhe  had,  fe- 
veral 
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verai  convulfive  motions,  and  then  let  her  head  fall  down  backward,  with 

her  throat  upwards.  To  this  movelefs  pofture  fhe  was  reduc’d  at  the  end  V-/Yv^r, 

of  the  third  minute,  if  not  fooner  * but  a while  after  there  appear’d  a ma- 

nifeft  tremulous  motion  in  the  two  parts  of  her  bill ; which  continu’d  for 

fome  time,  and  was  perhaps  convulfive  •,  but  this  alfo  ceafing  at  the  end 

of  the  fourth  minute,  the  bird  was  taken  out,  and  found  irrecoverable. 

102.  A viper,  that  we  kept  in  an  exhaufted  receiver,  till  concluded  to 
have  been  quite  dead,  was,  neverthelefs,  not  thrown  away,  till  I had  try’d 
what  could  be  done,  by  keeping  her  all  night  in  a glafs-body,  and  a warm 
digeftive  furnace  ; upon  which,  this  viper  was  found,  the  next  morning, 
not  only  reviv’d,  but  very  lively. 

We  therefore  put  her  into  a tall  glafs-body  of  water,  fitted  with  a cork 
to  its  orifice,  and  deprefs’d  it  with  a weight,  fo  that  fhe  could  have  no  air. 

In  this  cafe  we  obferv’d  her,  from  time  to  time  ; and  after  fhe  had  been 
duck’d  a while,  fhe  lay,  with  very  little  motion,  for  a confiderable  time. 

After  an  hour  and  a quarter,  fhe  often  put  out  her  black  tongue ; at  the 
end  of  near  four  hours,  fhe  appear’d  lively  ; and,  as  I remember,  about 
that  time  alfo  put  out  her  tongue  *,  fwimming  all  this  while,  as  far  as  we 
obferv’d,  above  the  bottom  of  the  water.  At  the  end  of  about  feven  hours, 
or  more,  fhe  feem’d  to  have  fome  life  ; her  pofture  being  manifeftly  chan- 
ged in  the  glafs,  from  what  it  was  a while  before.  Not  long  after,  fhe  ap- 
pear’d quite  dead ; her  head  and  tail  hanging  down  movelefs,  and  di- 
rected towards  the  bottom  of  the  veffel ; whilft  the  middle  of  her  body 
floated  as  much  as  the  cork  would  permit  it. 

103.  In  the  generality  of  our 
it  fuited  with  our  purpofe,  to  r: 
we  could  j but  l had  other  trials 

of  rarifaCtion,  yet  not  near  the  higheft  to  which  the  air  might  be  brought fahion. 
by  our  engine,  feem’d  likelieft  to  conduce  ; as  particularly  to  afford  fome 
light  in  the  nature  of  thofe  difeafes,  that  are  thought  primarily  to  affedt 
refpiration,  or  its  organs. 

Wherefore  having  gages,  by  help  of  which  fuch  experiments  might  be 
much  the  better  perform’d,  I attempted  feveral  of  them  in  the  following 
manner. 

Aug.  16.  A linet  being  put  into  a receiver,  able  to  hold  about  4 pints 
and  a half  of  water,  the  glafs  was  well  clos’d  with  cement  and  a cover  ; 
but  none  of  the  air  drawn  out  with  the  engine,  or  otherwife.  And  tho’ 
no  new  air  was  let  in,  nor  any  change  made  in  the  imprifon’d  air,  yet  the 
bird  continu’d  there  3 hours,  without  any  apparent  approach  to  death  ; 
and  tho’  fhe  feem’d  fomewhat  fick,  yet  being  afterwards  taken  out,  fhe 
recover’d,  and  liv’d  feveral  hours. 

104.  Aug.  18.  From  the  receiver  above-mention’d,  we  drew  about  half 
the  air,  whilft  a linet  was  in  the  glafs  ; and  in  that  rarified  air  (which  ap- 
pear’d by  a gage  to  continue  in  the  fame  ftate)  the  bird  liv’d  an  hour  and 
near  a quarter  before  fhe  feem’d  in  danger  of  death  5 after  which  the  air 

V o l.  II.  Z z z being 
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.rify  the  air  as  much,  and  as  fuddenly  as*"'  brought  t* 
in  view,  wherein  an  extraordinary  degr 
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Vskum  ATicfbeing  let  in,  without  taking  off  the  receiver,  ftie  manifeftly  recover’d,  and 
\XY"N^  leap’d  againft  the  fide  of  the  glafs ; and  being  taken  out  into  the  open  air, 
fhe  flew  out  of  my  hand  to  a confiderable  diftance. 

105.  Sept.  9.  Into  a receiver,  able  to  hold  about  4 pints  and  a half  of 
water,  we  convey’d  a lark,  together  with  a gage,  by  the  help  whereof  we 
drew  out  i of  the  air  ; then  obferving  the  bird,  we  perceiv’d  it  to  pant 
very  much.  Having  continu’d  thus  for  a little  above  a minute  and  a half, 
the  bird  fell  into  a convulfive  motion,  that  caff  it  upon  the  back.  And 
altho’  we  made  great  hade  to  let  in  the  air,  yet  before  the  expiration  of 
the  fecond  minute  preceding  the  convulfion,  the  lark  was  gone  pad  all  re- 
covery, tho’  various  means  were  ufed  to  effedl  it. 

106.  Sept.  9.  Prefently  after,  we  put  into  the  fame  receiver,  a green- 
finch ; and  having  withdrawn  half  the  air,  we  foon  began  to  obferve  the 
bird,  and  took  notice,  that  within  a minute  after,  fhe  appear’d  to  be  very 
Tick  ; and  fhaking  her  head,  vomited  a certain  fubdance  againd  the  infide 
of  the  glafs.  Upon  this  evacuation  the  bird  feem’d  to  recover,  and  con- 
tinue pretty  well,  but  not  without  panting,  till  about  the  end  of  the  fourth 
minute  *,  when  growing  very  fick,  die  vomited  again,  but  much  more  un- 
quedionably  than  before  *,  and  foon  after,  eat  up  again  a little  of  her  vo- 
mit *,  upon  which  die  very  much  recover’d.  And  tho'  die  had  in  all  3 fits 
of  vomiting,  yet  for  the  lad  7 or  8 minutes  that  we  kept  her  in  the  recei- 
ver, die  feem’d  to  be  much  more  lively  than  was  expected  ; which  may, 
in  part,  be  attributed  to  a little  air  that  by  an  accident  got  in,  tho*  it  were 
immediately  pump’d  out  again.  At  the  end  of  a full  quarter  of  an  hour 
from  the  fird  exhaudion,  the  bird  appearing  not  likely  to  die  in  a great 
while,  we  took  her  out. 

107.  April  12.  A new-caught  viper  was  included,  together  with  a gage, 
in  a portable  receiver,  able  to  hold  about  3 pints  and  an  half  of  water. 
This  veffel  being  exhauded,  and  fecured  againd  the  return  of  the  air,  the 
animal  was  oblerv’d,  from  time  to  time,  not  only  to  be  alive,  but  nimbly 
to  put  out,  and  to  draw  back  her  tongue,  for  about  36  hours  after  die  was 
fhut  up  ; we  therefore  continu’d  the  veffel  longer  in  the  fame  diady  place  ; 
where,  over  night,  at  the  end  of  60  hours,  fhe  appear’d  very  dull  and  faint, 
and  not  likely  to  live  much  longer.  And  the  next,  by  the  afternoon,  I 
found  her  dark  dead, with  her  mouth  open’d  to  a d range  widenefs ; where- 
fore differing  water  to  be  imped’d,  by  the  outward  air,  into  the  cavity  of 
the  receiver,  we  found,  by  the  water  that  was  driven  in,  and  afterwards 
pour’d  out  again  and  meafur’d,  that  five  parts  in  fix  of  the  air  in  the  veffel 
had  been  pump’d  out  *,  fo  that  in  an  air  rarified,  till  it  expanded  itfelf  to 
five  or  fix  times  its  ufual  dimenfions,  our  viper  was  able  to  live  60  hours, 
and  perhaps  might  have  done  fo  longer. 

Jamals  in  108.  In  the  preceding  experiments,  the  animals  were  recover’d  from  a 
condition,  by  letting  in  frefh  air,  and  not  the  fame  that  had  been 
from  rhern>  wherefore  I thought  proper  to  try,  whether  the 
rarity  and  fame  portion  of  air,  without  being  renew’d,  would,  by  being  expanded 
much  beyond  its  ufual  degree,  and  reduc’d  to  it  again,  ferve  to  bring  an 

animal 
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ahimal  to  near  the  point  of  expiring,  and  revive  him  again  ; fince,  by  the  PNr-UM'  - ? 

fuccefs  of  fuch  a trial,  it  would  notably  appear,  that  the  bare  change  of 
the  confidence  of  the  air,  as  to  rarity  and  denfity,  may  fufnce  to  produce 
the  above-mention’d  effe&s. 

We  included  a tnoufe  in  a fine,  limber,  clear  bladder,  made  more  tran- 
fparent  by  oil  rubb’d  on  the  outfide,  that  the  fmell  of  it  might  lefs  offend 
the  animal  to  be  included,  clipping  off*  as  much  of  the  bladder  at  the  neck, 
as  we  judg’d  abfolutely  necefTary  for  letting  in  a moufe  ; we  alfo  provided 
a round  flick,  fomewhat  lefs  than  the  orifice  •,  that  the  wood  being  laid 
over  with  a clofe  and  yielding  cement,  we  might  tic  the  bladder  fall,  and 
clofe  enough,  upon  the  Hopple  thus  fitted.  In  the  bladder  was  left  as  much 
air  as  we  thought  might  fuffice  him,  for  the  time  the  experiment  was  to 
laft.  Then  putting  this  limber,  or  dilatable  receiver  into  an  ordinary  one 
of  glafs,  and  placing  this  engine  near  a window,  that  we  might  fee  thro* 
both  of  them  ; the  air  was,  by  degrees,  pump’d  out  of  the  external  recei- 
ver, and  thereupon  the  air  included  in  the  bladder,  proportionably  ex- 
panded itfelf,  and  fo  diflended  the  internal  receiver,  till  being  arriv’d  at  a 
degree  of  rarifadlion,  which  render’d  it  unfit  for  refpiration,  I perceiv’d 
figns  in  this  animal,  of  his  being  in  great  danger  of  fudden  death.  Where- 
upon the  outward  air  being  haflily  let  into  the  external  receiver,  com- 
prefs’d  the  fwell’d  bladder  to  its  former  dimenfions,  and  thereby  the  inclu- 
ded air  to  its  former  denfity  ; by  which  means  the  moufe  was  quickly  re- 
vived. Having  given  him  fome  convenient  refpite,  the  experiment  was 
repeated  with  the  like  fuccefs. 

109.  We  put  a large  parcel  of  tadpoles,  with  a convenient  quantity  of  An  attempt  t$ 
water,  into  a portable  receiver,  of  a round  figure,  and  obferv’d,  that  2S.Prevent 
the  firft  exfu&ion  of  the  air,  they  rofe  to  the  top  of  the  water  *,  tho’ 
of  them  fubfided  again,  till  the  next  exfu&ion  raifed  them.  They  feem’d/^,^^7/^ 
by  their  active  and  wrigling  motion,  to  be  very  much  difcompos’d.  The  or  growth  of 
receiver  being  exhaufted,  they  all  of  them  continued  moving  at  the  top  0 {animals^  ia 
the  water  ; and  tho’  fome  of  them  feem’d  to  endeavour  to  go  to  the  bot-  vacuo* 
tom,  and  dived  part  of  die  way,  efpecially  with  their  heads,  yet  they  were 
immediately  buoy’d  up  again.  Within  an  hour,  or  a little  more,  they 
were  all  movelefs,  and  lay  floating  on  the  water ; wherefore  I open’d  the 
receiver ; upon  which  the  air  rufhing  in,  almofl  all  of  them  prefently  funk 
to  the  bottom,  but  none  of  them  recover’d  life. 

no.  We  afterwards  included  a lefs  number  of  tadpoles  in  a fmaller 
glafs,  which  was  alfo  exhaufted,  with  the  like  circumftances  as  the  for- 
mer. And  when  I found  the  other  tadpoles  to  be  dead,  I hafted  to  thefe, 
which  did  not,  except  perhaps  one,  give  any  figns  of  life  ; but  upon  let- 
ting in  the  air,  thefe  having  not  been  long  kept  from  it,  fome  few  of 
them  recover’d, and  fwam  up  and  down  lively  enough  \ tho’,  after  a while, 
thefe  alfo  died. 

in.  1 repeated  the  fame  experiment  in  a portable  receiver,  of  a con- 
venient kind  *,  and  tho’  after  the  exhauftion  was  perfedled,  the  tadpoles, 
for  a while,  mov’d  brifkly  enough,  on  the  top  of  the  water  only,  yet  at 
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the  end  of  an  hour,  they  feem’d  to  be,  all  of  them,  quite  dead,  but 
continu’d  floating.  And,  though,  within  half  an  hour  after  that,  I let  in 
the  air  ; yet  all  the  effedt  of  it  was,  that  the  moft  of  them  immediately 
funk  to  the  bottom,  as  the  reft,  foon  after,  did;  none  of  them,  that  I 
could  obferve,  recovering  vital  motion. 

1 12.  We  procured,  by  preferving  fome  rain-water,  four  or  five  ofthofe 
odd  infedts,  whereof  gnats  have,  by  fome,  been  obferved  to  be  generated 
about  the  end  of  Auguft , or  beginning  of  September.  Thefe,  for  fome 
weeks,  live  all  together  in  the  water,  as  tadpoles  do  ; fwimming  up  and 
down  therein,  till  they  are  ripe  for  a tranfmigration  into  flies  : but  inclu- 
ding them  with  fome  of  their  water,  in  a fmallglafs  receiver,  which  being 
exhaufted,  and  very  exadtly  clofed,  we  kept,  in  a fouth-window ; thefe 
little  creatures  continued  to  fwim  up  and  down  therein,  for  fome  few  days, 
without  Teeming  to  be  much  incommoded  *,  but  at  length,  and  all  much 
about  the  fame  day,  they  put  off  the  habit  they  had,  whilft  they  lived  as 
fifties,  and  appeared  with  their  Exuviae,  or  caft-coats  under  their  feet ; 
fhewing  themfelves  to  be  perfedt  gnats,  that  flood,  without  finking,  upon 
the  furface  of  the  water,  and  difcovering  themfelves  to  be  alive,  by  their 
motion,  when  they  were  excited  to  it  ; but  I could  not  perceive  them  to 
fly  in  that  thin  medium  : to  which  inability,  whether  the  vifcofity  of  the 
water  might  contribute,  I know  not ; tho*  they  lived  a pretty  while,  till 
hunger,  or  cold  deftroyed  them. 

1 13.  The  warm  blood  of  a lamb  or  a fheep,  being  taken  as  it  was,  im- 
mediately, brought  from  the  butcher’s,  where  the  fibres  had  been  broken, 
to  hinder  the  coagulation,  was,  in  a wide-mouth’d  glafs,  put  into  a re- 
ceiver, made  ready  for  it ; and  the  pump  being  fet  on  work,  the  air  was 
diligently  drawn  out : but  the  operation  was  not  always,  efpecially  at  firfl, 
fo  early  manifeft,  as  the  fpirituoufnefs  of  the  liquor  would  make  one  ex- 
pert ; yet,  after  a long  expectation,  the  more  fubtile  parts  of  the  blood 
would  begin  to  force  their  way  thro’  the  more  clammy,  and  feem  to  boil 
in  large  clutters,  fome  as  big  as  great  beans  or  nutmegs  ; and,  fometimes, 
the  blood  was  fo  volatile,  and  the  expanfion  fo  vehement,  that  it  boiled 
over  the  containing  glafs;  of  which,  when  it  was  put  in,  it  did  not  fill  a - 
foove  a quarter. 

1 14.  Having,  alfo,  included  fome  milk,  warm  from  the  cow,  in  a cy- 
lindrical veflfel,  about  four  or  five  inches  high,  tho*  the  pump  was  not  long 
ply’d,  before  any  intumefcence  appear’d,  yet,  afterwards,  when  the  exter- 
nal air  was  fully  withdrawn,  the  milk  began  to  boil,  [in  a way,  that  was 
not  fo  eafy  to  defcribe,  as  pleafant  to  behold : and  this  it  did  for  a pretty 
while,  with  fo  much  impetuofity,  that  it  threw  feveral  of  its  parts  out  of 
the  wide-mouth’d  glafs  that  contain’d  it ; tho*  there  were  not  above  two 
©r  three  ounces  of  the  liquor,  which  only  half  filled  the  glafs* 

A yet  greater  difpofition  to  intumefcence,  we  thought,  we  oblerv*d  in 
the  galL;  which  was  but  fuitable  to  the  vifcofity  of  its  texture. 

The  two.  latt  experiments  were  made  with  a defign  to  ftiew  how  far  the 
deftruftive  operation  of  our  engine,  upon  the  included  animals,  might 

be 
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be  imputed  to  the  withdrawing  of  the  air, whereby  the  little  bubbles  gene-  Pneumatic» 
rated  in  the  blood,  juices,  and  foft  parts  of  the  body,  may,  by  their  vaft 
number,  and  confpiring  diftenfion,  varioufly  contract  the  vefiels  in  fome 
places,  and  ftretch  them  in  others  ; efpecially  the  fmaller,  that  convey  the 
blood  and  nourifhment ; and  fo,  by  choaking  up  fome  pafiages,  and  vitia- 
ting the  figure  of  others,  difturb,  or  hinder  the  due  circulation  of  the 
blood:  for  fuch  diftenfions  may  caufe  pains  in  fome  nerves,  and  membra- 
nous parts,  which,  by  irritating  them  into  convulfions,  may  haften  the 
death  of  animals,  and  deftroy  them  fooner  by  that  irritation,  than  they 
would  be  deftroyed  by  the  bare  abfence  or  lofs  of  what  the  air  is  necefia- 
ry  to  fupply  them  with.  And,  to  fhew,  that  this  produdtion  of  bubbles 
reaches,  even  to  the  very  minute  parts  of  the  body,  I ihall  add,  that  I once 
obferved  in  a viper,  furioufly  tortured  in  our  exhaufted  receiver,  the  crea- 
ture had  a confpicuous  bubble  moving  to  and  fro,  in  the  aqueous  humour 
of  one  of  its  eyes. 

1 15.  To  (hew,  that  not  only  the  blood  and  liquors,  but  alfo  the  other 
foft  parts,  even  in  cold  animals,  have  aerial  particles  latent  in  them  ; we 
took  the  liver  and  heart  of  an  eel,  as  alfo  the  head  and  body  of  another  fifh 
of  the  fame  kind,  cut  afunder,  crofs  ways,  beneath  the  heart ; and  put- 
ting them  into  a receiver,  and  upon  withdrawing  of  the  air,  we  per- 
ceiv’d, that  the  liver  manifeftly  fwell’d  every  way  *,  and  that  both  the  up- 
per part  and  lower  of  the  fifh,  did  fo,  likewife.  At  the  place,  where  the 
divifion  had  been  made,  there  came  out,  in  each  portion  of  the  fifh,  various 
bubbles  *,  feveral  of  which  feemed  to  rife  from  the  Medulla  Spinalis , the 
cavity  of  the  back-bone,  or  the  adjoining  parts:  and  [the  external  air  be- 
ing let  in,  both  the  portions  of  the  eel  prefently  funk  \ fome  of  thelkin; 
feeming  to  be  grown  flaccid  in  each. 

1 16.  We  included,  in  a vial  with  a wide  neck,  (the  whole  glafs  being  The  power  of 
able  to  contain  about  eight  ounces  of  water,)  a fmall  young  moufe ; then  ufe  to  enable 
ty’d  ftrongly  upon  the  upper  part  of  the  glafs’s  neck  a fine  thin  bladder,  animals  tofup* 
out  of  which  the  air  had  been  carefully  exprefs’d  \ and  convey’d  this  vef- tort [twelves 
fel  into  a middle-fiz’d  receiver,  in  which, we  alfo  placed  a mercurial  gage.  lrifaaion  Ina'de 
This  done,  the  air  was,  by  degrees,  pump’d  out,  till  it  appear’d  by  th z unfit- for  refpi* 
gage,  that  there  remained  but  a fourth  part  in  the  external  receiver ; ration . 
whereupon,  the  air  in  the  internal  receiver,  expanding  itfelf,  appear’d  to 

have  blown  the  bladder  almoft  half  full  ; and  the  moufe  feeming  very  ill 
at  eafe,  by  leaping,  and  otherwife  endeavouring  to  pafs  out  at  the  neck 
of  his  prifon  ; we,  for  fear  the  over-thin  air  would  difpatch  him,  let  the 
air  flow  into  the  external  receiver ; whereby  the  bladder  being comprefs’d,. 
and  the  air  in  the  vial  reduced  to  its  former  denfity,  the  little  animal  quicks 
ly  recover’d. 

1 17.  A while  after,  without  removing  the  bladder,  the  experiment  was 
repeated,  and  the  air,  by  the  help  of  the  gage,  reduced  to  its  former  degree 
of  rarifa&ion ; when  the  moufe,  after  fome  fruitlefs  endeavours  to  get  out 
of  the  glafs,  was  kept  in  that  thin  air  for  full  four  minutes-,  at  the  end  of 
which,  he  appear’d  fofick,  that,  to  prevent  his  dying  immediately,  wo 

remov’d; 
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Pneumatics  remov’d  the  external,  and  took  out  the  internal  receiver;  whereupon,  tho* 
jie  recover’d,  yet  ’twas  not  without  much  difficulty  ; being  unable  to 
Stand  any  longer  upon  his  feet ; and,  for  a great  while  after,  he  continu’d 
manifestly  trembling. 

1 1 8.  But,  having  fuffer’d  him  to  reft  for  a reafonable  time,  prefuming 
that  ufe  had  inured  him  to  greater  hardffiips,  we  conveyed  him  again  into 
the  external  receiver ; and,  having  brought  the  air  to  the  former  degree 
of  rarifaction,  we  were  able  to  keep  him  there  for  a full  quarter  of  an 
hour;  tho’  the  external  receiver  did  not  at  all  confiderably  leak  ; as  ap- 
pear’d both  by  the  mercurial  gage,  and  by  the  remaining  dimenfion  of  the 
bladder.  And,  ’tis  worth  noting,  that  till  near  the  latter  end  of  the 
quarter  of  an  hour,  the  animal  fcarce  at  all  appear’d  diftrefs’d  ; remaining 
Still  very  quiet.*  And  tho’,  when  he  was  put  in,  his  tremblings  were  yet 
upon  him,  and  continued  fo  for  fome  time  ; yet,  afterwards,  in  fpight  of 
the  expanfion  of  the  air  he  was  then  in,  they  foon  left  him.  And,  when 
the  internal  receiver  was  taken  out,  he  not  only  recovered  from  his  fainting 
Sooner  than  before,  but  efcaped  thofe  fubfequent  tremblings. 

1 19.  Encouraged  by  this  fuccefs  after  we  allowed  him  fome  time  to  re- 
cover his  Strength,  we  re-con vey’d  him,  and  the  veSTel  wherein  he  was  in- 
cluded, into  the  former  receiver,  and  pumped  out  the  air,  till  the  mer- 
cury, in  the  gage,  was  drawn  down  near  half  an  inch  lower  than  before, 
that  the  air  might  be  yet  farther  expanded.  And,  tho*  this,  at  firft, 
feemed  to  difcompofe  the  little  creature  ; yet,  after  a while,  he  grew  very 
quiet,  and  continued  fo  fora  full  quarter  of  an  hour  ; when  we  caufed  three 
exfuftions  more  to  be  made,  before  we  difcovered  him  to  be  in  manifeft 
danger,  (at  which  time,  the  bladder  appeared  much  fuller  than  before:) 
but  then,  we  were  obliged  to  let  the  air  into  the  outward  receiver  ; where- 
upon, the  moufe  was  more  fpeedily  revived,  than  one  would  have  fuf- 
pe6ted. 

Now  the  air  in  which  the  moufe  liv’d  all  this  while,  had  been  clogged, 
and  infedted,  with  the  excrementitious  effluvia  of  his  body  ; for  ’twas  the 
fame  all  along  ; we  having,  purpofely,  forborn  to  take  off  the  bladder, 
whofe  regular  diftenfions,  and  fhrinkings,  Sufficiently  manifefted,  that  the 
veSTel,  whereof ’twas  a part,  did  not  leak. 

Air,  become  120.  We  took  a moufe,  of  an  ordinary  fize,  and,  having  convey’d  him 
Tftion°r ma^1'  int0  an  ova^  with  a fomewhat  long,  and  confiderably  broad 

retain  its  u-  neck,  that  it  might  be  wide  enough  to  admit  a moufe,  in  fpight  of  his 
f ualprejfure . Struggling  ; we  convey’d  in,  after  him,  a mercurial  gage,  in  which  we 
had  carefully  obferv’d,  and  mark’d  the  ftation  of  the  mercury  ; and  which 
was  fo  faften’d  to  a wire,  reaching  to  the  bottom  of  the  oval  glafs,  that 
the  gage,  remaining  in  the  neck,  was  not  in  danger  of  being  broken  by 
the  motions  of  the  moufe  in  the  oval  part.  The  upper  part  of  the  long  neck 
of  the  glafs  was,  notwithstanding  the  widenefs  of  it,  hermetically  fealed, 
by  means  of  a lamp,  and  a pair  of  bellows,  that  we  might  be  fure  the 
imprifon’d  animal  Should  breathe  no  other  air,  than  what  fill’d  the  re- 
ceiver, at  the  time  when  it  was  fealed.  This  done,  the  moufe  was 

watched. 
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watched,  from  time  to  time:  and  tho’,  by  reafon  of  the  largenefs  of  the  Pnkum A"TC 
veffel,  he  Teem’d  rather  drooping,  than  very  near  death,  at  the  end  of  the 
fecond  hour ; yet,  in  about  half  an  hour  after,  he  was  judg’d  to  be 
quite  dead,  tho’  we  fliook  the  vefifel,  to  rouze  him.  The  gage  manifeft- 
ed  no  fenfible  change  in  the  ftation  of  the  mercury  •,  but  caufing  the  feal’d 
part  of  the  glafs  to  be  broken  off,  I obtain’d,  after  a while,  fome  faint  to- 
kens of  life : tho%  I am  not  fure,  that  they  would  have  continued  in  a 
velfel,  where  the  air  was  fo  clogg’d  and  infeCted,  if  frefh  air  had  not 
been  frequently  blown  in  by  a pair  of  bellows,  whofe  nofe  was  inferted  in- 
to the  neck  of  the  glafs.  This  frefh  air  Teem’d  evidently,  tho’  but  flowly, 
to  revive  the  gafping  animal,  which  I could  not,  conveniently,  take  out 
of  the  glafs,  till  he  had  gain’d  flrength  enough  to  make  ufe  of  his  legs  ; 
but  after  that,  without  breaking  the  glafs,  we  took  him  out,  and  foon 
found  him  able  to  walk  up  and  down. 

1 2 1.  A like  experiment  we,  alfo,  made  with  like  fuccefs,  upon  a fmall 
bird,  included,  with  a gage,  in  a receiver  that  would  hold  about  a quart 
of  water.  The  bird,  in  about  half  an  hour,  appear’d  to  be  fick,  and 
drooping;  the  faintnefs,  and  difficulty  of  breathing,  increafing  for  about 
two  hours  and  a half  after  ; at  which  time,  the  animal  died  ; the  gage  be- 
ing not  fenfibly  alter’d,  unlefs,  perhaps,  the  mercury  appear’d  to  be  im- 
pel I’d  up  a little  higher  than  when  put  in  ; which,  yet,  might  proceed 
from  fome  accidental  caufe. 

122.  To  fhew,  that  it  is  not  want  of  coldnefs,  but  fomething  elfe  in  the 
included  air,  that  makes  it  deftroy  birds  pent  up  therein,  which,  by  the 
hot  exhalations  of  their  bodies,  may  be  fuppofed  to  over- warm  it  5 we 
made  the  following  experiment. 

In  a glafs-vial,  able  to  hold  about  three  quarts  of  water,  we  herme- 
tically  fealed  up  a fmall  bird  ; and  found,  that  in  a few  minutes,  fhe  be- 
gan to  be  fick,  and  pant.  Thefe  fymptoms  I fuffer’d  to  continue,  and 
increafe,  till  they  had  lafted  juft  half  an  hour  ; at  which  time,  having  pro- 
vided a vefifel  of  water,  with  fal-armoniac,  newly  put  therein,  to  refrige- 
rate it;  and  the  liquor  being  thus  made  exceeding  cold,  the  vial,  with  the 
fick  bird,  was  immerfed  in  it,  and  fo  kept  there  for  fix  minutes : yet  it  did 
not  appear,  that  the  great  coldnefs  which  muft  be  thus  procured  to  the 
imprifon’d  air,  fenfibly  revived  or  refrefhed  the  drooping  animal,  who 
manifeftly  continued  to  pant  exceedingly.  So  that  this  remedy,  proving 
ineffectual,  the  vial  was  remov’d  out  of  the  water  ; and  the  bird,  fome 
time  after,  many  times  drain’d  to  vomit : and,  afterwards,  had  evacua- 
tions downward,  before  fhe  quite  expired  ; which  fhe  did,  in  almoft  an 
hour,  from  the  beginning  of  her  imprifonment. 

1 23. We  made  by  diftillation,  a bloodied  liquor,  chiefly  confiding  offuch  The  ufe  of  the 
faline,  and  fpirituous  particles,  as  may  be  obtained  from  human  blood  ; yrtoraifeand 
which  is  of  fuch  a nature,  that  if  a glafs-vial,  about  half  fill’d  with  it,  bodies, 

kept  well  ftopt,  it  will  reft  as  quietly  as  an  ordinary  liquor,  without  fend-  confiderdwith^ 
ing  up  any  fmoke,  or  vifible  exhalation  ; but,  if  the  vial  be  open’d  fo,  that  regard  to  re r 
the  external  air  is  permitted  to  come  in,  and  touch  the  furface  of  the  liquor^r^^’ 

with- 
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within  a quarter  of  a minute,  or  lefs,  there  will  he  elevated  a copious  white 
fmoke,  which  not  only  fills  the  upper  part  of  the  glafs,  but  plentifully 
paffes  out  into  the  open  air,  till  the  vial  be  again  (lopp’d. 

When  this  vial  has  lain  (lopp’d  and  quiet  for  a competent  time,  the  up- 
per half  of  it  appears  deftitute  of  fumes,  whereof  the  air,  it  feems,  will 
imbibe,  and  conftantly  retain  but  a certain  moderate  quantity  •,  which  may- 
give  fome  light  towards  the  reafon,  why  the  fame  air,  quite  clogg’d  with 
Ileams,  will  not  long  ferve  for  refpiration.  And  if  the  unftopp’d  vial 
were  placed  in  our  vacuum,  it  would  emit  no  vifible  (learns  at  all,  not  fo 
much  as  to  appear  in  the  upper  part  of  the  glafs  itfelf  that  held  the  liquor ; 
but  when  the  air  was,  by  degrees,  reftored  at  the  (lop-cock,  without 
moving  the  receiver,  to  avoid  injuring  its  clofenefs,  the  returning  air 
would  prefently  raife  the  fumes,  firft  into  the  vacant  part  of  the  vial,  whence 
they  would  afcend  into  the  capacity  of  the  receiver : and  likewife,  when  the 
air,  requifite  to  fupport  them,  was  pumped  out,  they  alfo  accompanied  it, 
as  their  unpleafant  fmell  made  manifeft  •,  whilft  this  red  fpirit,  though 
it  remain’d  unftopp’d,  emitted  no  more  fumes,  till  the  new  air  was 
let  in. 

124.  Two  ordinary  white  fnails,  without  (hells,  differing  in  fize,  (the 
biggeft  being  about  an  inch  and  a half,  and  the  other  about  an  inch  in 
length)  were  included  in  a fmall  portable  receiver,  which  was  carefully  ex- 
haufted,  and  fecured  againft  the  return  of  the  air ; and  prefently  after,  be- 
ing removed  from  the  engine,  it  was  eafy  to  difcern,  that  both  the  fnails 
thruft  out,  and  drew  in  their  horns  at  pleafure  *,  tho’  their  bodies  had,  in 
the  fofter  places,  numerous  newly  generated  bubbles  (licking  to  them : and 
tho’  they  did  not  lofe  their  motion  near  fo  foon,  as  other  animals,  in  our 
vacuum  •,  yet,  after  fome  hours,  they  appeared  movelefs,  and  very  tumid ; 
and,  at  the  end  of  twelve  hours,  the  inward  parts  of  their  bodies  feemed  to 
be  almoft  vanifh’d,  whilft  they  appeared  to  be  two  fmall  full-blown  blad- 
ders: and,  on  letting  in  the  air,  they  immediately  fo  fhrunk,  as  if  the 
bladders  had  been  prick’d,  the  receding  air  had  left  behind  it  nothing  but 
(kins : nor  did  either  of  the  fnails,  afterwards,  tho’  kept  for  many  hours, 
give  any  figns  of  life. 

125.  We  included  in  a receiver,  whofe  globular  part  was  about  the 
bignefs  of  a large  orange,  one  of  that  fort  of  animals,  vulgarly  call’d  efts, 
.or,  flow-worms  : having  withdrawn  the  air,  and  fecured  the  veflel  againft 
the  return  of  it,  we  kept  him  there  about  forty-eight  hours ; during  which, 
he  continued  alive,  but  appeared  fome  what  fwell’d  in  his  belly  •,  his  under- 
chap  moving  on  the  very  firft  night,  but  not  the  day  and  night  follow- 
ing. At  length,  by  opening  the  receiver,  under  water,  we  perceiv’d,  that 
about  half  the  air  had  been  drawn  out.  As  foon  as  the  water  was  impell’d 
into  the  glafs,  the  animal,  which  was  before  dull  and  torpid,  feemed,  by 
very  nimble  and  extravagant  motions,  to  be  ftrangely  revived. 

126.  We  took  a leech,  of  a moderate  bignefs,  and  having  included  it, 
.together  with  fome  water,  in  a portable  receiver,  able  to  hold  about  ten 
or  twelve  ounces  of  that  liquor  * the  air  was  pump’d  out,  after  the  ufual 

manner ; 
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manner,  and  the  receiver  being  remov’d  to  a light  place,  weobferv’d,  thatpN’^™^J’I<;* 
the  leech  keeping  herfelf  under  water,  there  emerg’d  from  feveral  parts  of 
her  body,  numerous  bubbles,  fome  of  them  in  a difperfed  manner,  but 
others,  in  rows,  or  files,  that  leem’d  to  come  from  determinate  points. 

Tho’  this  production  of  bubbles  lafted  a pretty  while,  yet  the  leech  did  not 
feem  to  be  very  much  difeompos’d.  This  done,  we  let  the  receiver,  which 
was  well  fecured  from  the  outward  air,  in  a quiet  place,  where  we  vifited 
it,  at  lealt  once  a-day  ; and  found  the  leech  fomewhat  fatten’d  by  her  tail, 
to  that  part  of  the  glafs  which  was  under  water,  and  fometimes  wandring 
about  that  which  was  quite  above  water ; and  always,  when  we  endeavour- 
ed to  excite  her,  the  quickly  manifefted  herfelf  to  be  alive  ; and,  indeed, 
appear’d  fo  lively,  after  the  full  expiration  of  five  natural  days,  that  ex- 
pecting fomething  might  have  happen’d  to  the  receiver,  I open’d  it  under 
water;  when  the  outward  air,  impell’d  in  fo  much  of  that  liquor,  as  fatis- 
fied  me  the  receiver  was  well  exhaufted. 

127.  Five  or  fix  caterpillars,  all  of  the  fame  fort,  being  put  into  a fepa -creeping  in - 
rable  receiver  of  a moderate  fize,  had  the  air  drawn  away  from  them,  and fetts  in  vacuo, 
carefully  kept  from  returning.  But,  notwithftanding  this,  I found  them,  a- 

bout  an  hour  after,  moving  to  and  fro  in  the  receiver  $ and  even  above  two 
hours  after  that,  I could,  by  lhaking  the  vefiel,  excite  fome  motions  in 
them,  that  I did  not  fufpeCt  to  be  convulfive.  But  looking  upon  them  again, 
about  ten  hours  after  they  were  firfi; included,  they  feem’d  to  be  quite  dead; 
and,  tho*  the  air  were  forthwith  reftored  to  them,  they  continued  to  ap- 
pear fo:  yet  leaving  them  all  night  in  the  receiver,  I found,  the  next  day, 
that  three,  if  not  four  of  them,  were  perfeClly  alive. 

128.  We  took  from  an  hedge  a branch,  that  had  a large  cob- web  of  ca- 
terpillars in  it,  and  dividing  it  into  two  parts,  we  put  them  into  like  re- 
ceivers; and  in  one  of  them  fhut  up  the  caterpillars,  together  with  the  air, 
but  from  the  other  it  was  exhaufted.  Now,  in  that  which  had  the  air, 
the  little  infeCts,  after  a fmall  time  appear’d  to  move  up  and  down  as  be- 
fore, and  fo  continued  to  do  for  a day  or  two : but  in  that  glafs,  whence 
the  air  had  been  extracted,  and  continued  kept  out,  they  /hewed,  after  a 
very  little  while,  no  motion  that  we  could  perceive. 

129.  Nov.  12.  About  8 a-clock  at  night,  there  were  taken  four  middle-  Winged  in- 
fized  flelh-flies,  which  having  their  heads  cut  off,  were  inclofed  in  a por m vacuo* 
table  receiver,  furnifh’d  with  a large  pipe,  and  a bubble  at  the  end.  As 

foon  as  the  receiver  was  exhaufted,  the  flies  loft  their  motion;  an  hour  or 
two  after,  I approach’d  them  to  the  fire,  which  reftor’d  not  their  motion  : 
wherefore  I let  in  the  air  upon  them  ; after  which,  in  a very  fhort  time, 
they  began,  one  after  another,  to  move  their  legs,  and  one  or  two  of 
them  to  walk.  And  having  kept  them  all  night,  in  a warm  place,  they 
manifefted,  fora  while,  fome  fmall  motion. 

130.  Sept . 11.  About  noon  we  clofed  up  feveral  ordinary  flies,  and  a 
bee,  or  wafp  ; all  which,  when  the  air  was  fully  withdrawn,  lay  as  dead  ; 
only,  for  a very  few  minutes,  fome  of  them  had  convulfive  motions  in  their 
kgs.  They  continued  in  this  ftate  forty -eight  hours  ; after  which,  the 

V o l.  II.  A a a a air 


f^.6  P hypco-tnechanical  Experiments. 

PnEUMATicsa;r  wag  let  in  upon  them  •,  and  that  not  producing  any  figns  of  life,  they  were 
laid  in  the  noon-day  fun:  but  none  of  them  feem’d,  in  any  degree,  to  recover. 

1 3 1 . Dec.  n.  We  put  a great  fle(h-fly  into  a very  frnall  portable  recei- 
ver, where,  at  fird,  he  appear’d  to  be  very  brifk  and  lively  ; but,  as  foon 
as  the  air  was  drawn  out,  he  fell  on  his  back,  and  feem’d  to  have  convul five 
motions  in  his  feet,  and  Probofcis  j from  whence  he  prefently  recover’d,  up- 
on letting  in  the  air  *,  which  being  drawn  out  again,  he  lay  as  dead  : but, 
within  a quarter,  or  half  an  hour  after,  I perceiv’d,  upon  (baking  the  re- 
ceiver, that  he  dirr’d  faintly  up  and  down.  This  was  done  pretty  late 
over  night,  and  next  night  I found  the  fly  not  to  be  foon  revived,  either  by 
warmth,  or  letting  in  the  air.  However,  in  a while  after,  he  recover’d  ; and 
being,  next  morning,  fealed  up  again  in  that  glafs,  and  kept  forty-eight 
hours,  tho’  over  the  chimney,  he  died  beyond  recovery. 

132.  We  took  a large  grafs-hopper,  whofe  body,  befides  the  horns  and 
limbs,  was  about  an  inch  in  length,  and  of  great  thicknefs,  in  proportion 
to  that  length  ; and  convey’d  him  into  a portable  receiver  of  an  oval  form, 
and  able  to  hold  about  a pint  of  water  *,  and  having,  afterwards,  pumped 
out  the  air,  till,  by  the  gage,  it  appear’d  to  have  been  pretty  well  drawn 
out,  we  took  care  that  no  air  (hould  re-enter.  The  fuccefs  was  this.  Fird, 
tho*  before  the  exhauftion  of  the  air  begun,  the  grafs-hopper  appear’d 
lively,  and  continued  fo  for  a while  : yet,  when  the  air  began  to  be  confix 
derably  rarified,  he  feem’d  to  be  very  ill  at  eafe,  and  to  fweat  out  of  the 
abdomen,  many  little  drops  of  liquor,  which  being  united,  trickled  down 
the  glafs  like  a little  dream,  that  made,  at  the  bottom,  a frnall  pool  of 
clear  liquor,  amounting  to  near  a quarter  of  a fpoonful  ; and  by  that  time 
the  receiver  was  ready  to  be  taken  off,  the  grafs-hopper  was  fallen  upon 
his  back,  and  lay  as  dead.  Secondly,  tho’  having,  a little  after,  laid  the 
glafs  in  a fouth-window,  on  which  the  fun  then  (hone,  I perceived  fome 
flow  motions  in  the  thorax,  as  if  he  drained  to  fetch  breath  *,  yet,  I was  not 
lure  but  they  were  convulfive  motions ; however,they  laded  but  a while, and 
then  the  animal  appeared  to  be  quite  dead,  and  to  continue  fo  for  tfiree 
hours,  from  the  removal  of  the  receiver.  Thirdly,  that  time  being  ex* 
pired,  the  glafs  was  open’d  and  the  air  let  in  ; notwithflanding  which, 
there  appear’d  no  dgn  at  all  of  life  : but  letting  the  glafs  red  in  a con- 
venient podure,  that  the  water  which  came  from  him,  might  not  endan- 
ger him,  for  a quarter,  or  half  an  hour  *,  tho’  I then  perceiv’d  no  figns  of 
life,  yet  I caus’d  him  to  be  carried  into  a fun-fliiny  place,  where  the  beams 
of  a declining  fun  prefently  began  to  make  him  dir  his  limbs,  and,  in  a 
fhort  time,  brought  him  perfectly  to  life  again. 

135.  April  15.  We  took  one  of  thofe  Alining  beetles  called  rofe-flies,  and 
having  included  it  in  a very  frnall  round  receiver,  which  we  exhauded,  it 
flruggled  much  whild  the  air  was  withdrawing  ; yet  prefently  after,  I could 
perceive  but  little  motion  : about  fix  hours  after,  the  fly  feemed  quite 
dead,  and  difcover’d  no  motion  upon  that  of  the  glafs.  And  within  about 
an  hour  more,  tho’  I let  the  air  rufli  in,  yet  no  fign  of  life  enfued,  neither 
immediately,  nor  for  a pretty  while  after.  So  that  fufpe<5ting  the  beetle  to 
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be  really  dead,  I yet,  three  or  four  hours  after,  found  him  lively.  Where- 
upon, I caus’d  the  glafs  to  be  again  exhaufted,  and  fecur’d  from  the  air; 
during  which  time,  the  animal  feem’d  to  be  much  difquieted,  but  did  not 
lofe  his  motion,  foon  after. 

134.  With  butter-flies  I made  feveral  tryals,  and,  having  obferv’d  them, 
not  only  to  live,  but  to  move,  longer  than  was  expected  ; I chofe  to  in- 
clude feveral  of  them  in  receivers,  fomewhat  large,  that  I might  fee,  whe- 
ther, in  fo  thin  a medium,  fome  or  other  of  them,  by  help  of  their  large 
wings,  would  be  able  to  fly.  But,  tho*,  whilft  the  air  continu’d  in  the 
glaffes,  they  flew  actively,  and  freely  up  and  down  ; and  tho*,  after  the 
exhauftion  of  the  air,  they  continu’d  to  live,  and  were  not  movelefs ; nay, 
tho’  at  the  bottom  of  the  receiver,  they  would  even  move  their  wings  and 
flutter  a little ; yet,  I could  not  perceive  any  of  them  to  fly,  or  have  a pro- 
greflive  motion,  fupported  by  the  medium,  only.  And,  by  frequently  in- 
verting the  receiver,  which  was  long,  they  would  fall,  like  dead  animals, 
without  difplaying  their  wings,  tho*,  juft  as  they  came  to  touch  the  bot- 
tom, fome  of  them,  would,  fometimes,  feem  to  make  ule  thereof,  but 
not  enough  tofuftain  themfelves,  or  break  their  falls. 

135.  A number  of  ants  being  included  in  a ftnall  portable  receiver,  ex- 
haufted about  noon ; between  fix  and  feven  in  the  evening,  they  feem’d  to 
be  all  quite  dead  ; and  the  rather,  becaufe,  tho’  they  appear’d  very  lively 
juft  before  they  were  feal’d  up,  running  brifkly  up  and  down  the  bubble 
they  were  in ; yet,  they  grew  almoft  movelefs,  as  foon  as  the  air  was  ex- 
haufted ; and  a little  while  after  appeared  more  fo : tho’  I a little  fufpedted, 
that  they  were  much  incommoded,  by  fome  glutinous  fubftance,  that 
feem’d  to  have  got  into  the  receiver,  from  the  vapours  of  the  cement. 
When  upon  opening  the  glafs,  the  air  rufhed  in,  no  fign  of  life  appear’d, 
for  a great  while,  in  any  of  the  ants : but  next  morning,  about  nine  a- 
clock,  I found  many  of  them  alive,  and  moving  about. 

We  convey’d  a number  of  mites,  together  with  the  mouldy  cheefe, 
wherein  they  were  bred,  into  three  or  four  portable  receivers,  which  were, 
all  of  them,  very  fmall,  and  not  much  differing  in  fize.  From  all  of  thefe, 
except  one,  we  withdrew  the  air ; and,  then,  making  ufeofour  peculiar 
contrivance  to  hinder  its  return,  we  took  them,  one  after  another,  from 
the  engine,  and  laid  them  by,  for  further  obfervation.  That  wherein,  to 
obferve  the  difference,  we  left  the  air,  was  fealed  at  a lamp-furnace,  after 
the  ufual  manner.  Our  trials  afforded  us  the  enfuing  phenomena. 

( 1. ) The  mites,  inclofed  in  the  fmall  glafs,  that  never  came  near  the 
engine,  continu’d  alive,  and  able  to  walk  up  and  down,  for  above  a full 
week  after  they  had  been  put  in ; and  poflibly,  would  have  continued  much 
longer,  if  the  glafs  had  not  been  accidentally  broken. 

( 2.  ) As  foon  as  ever  one  of  the  receivers  was  remov’d  from  the  engine, 
I look’d  with  great  attention  upon  it ; and  tho*,  juft  before  the  withdraw- 
ing of  the  air,  the  mites  were  feen  to  move  up  and  down  in  it ; yet,  within 
a few  minutes,  after  the  receiver  wasapply’d  to  the  engine,  I could  difcern 
in  them  no  life  at  all ; nor  was  any  perceived  by  younger  eyes  than  mine. 

A a a a 2 Nay, 
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PfjiuMATicsNay,  by  the  help  of  a double  convex-glafs,  I was  not  able  to  fee  any  of 
k/VV;  them  flir  up  and  down.  And  no  motion  was  taken  notice  of  in  the  other 
fmall  receiver  of  a like  fhape  and  bignefs.  About  an  hour  after,  I look’d  up- 
on the  receiver  attentively  again,  but  could  not  perceive  any  of  the  mites  to 
flir ; and  the  like  unfuccefstul  obfervation  I made  two  or  three  hours  after 
that.  And  at  firfl  letting  in  the  air,  to  try  if  the  mites  were  not  quite  dead  ; 

I could  not  perceive,  upon  its  rufhing  in,  any  of  them  to  flir  : yet,  I left 
the  receiver  unflopt  as  it  was  in  the  window,  upon  a fufpicion,  that  the  air 
might  not  be  able  to  exercife  its  operation  upon  them,  in  a fhort  time. 

(3.)  And,  about  two  or  three  days  after,  I found  a number  of  my  little 
animals  reviv’d  ; as  an  attentive  eye  might  eafily  perceive,  by  the  motion 
of  certain  little  white  fpecks,  when  affilled  to  obferve  it  by  little  marks, 
that  I made  on  the  outfide  of  the  glafs,  (which  was  purpofely  chofen  thin 
and  clear)  near  this,  or  that  mite,  with  a diamond  ; by  the  approach  to, 
or  recels  from  which  marks,  the  progreffive  motion  became,  perhaps, 
within  a minute,  plainly  difcoverable  ; efpecially,  if,  when  the  eye  per- 
ceiv’d little  white  fpecks,  that  look’d  like  mites,  the  receiver  fhould  be  fo 
turn’d,  that  the  bellies  and  feet  of  thofe  little  creatures  were  uppermofl ; 
notwithflanding  which,  they  would  not  eafily  drop  down,  but  continue 
their  motion:  and  thefe  fpecks  being  made  upon  the  concave  furface  of  the 
thin  glafs  itfelf,  were  thereby  render’d  much  more  eafily  vifible. 

(4.)  But  becaufe  it  doth  not,  by  the  third  phenomenon,  appear,  whether 
in  cafe  our  mites  had  been  kept  in  a movelefs  (late,  for  a much  longer 
time,  than  three  or  four  hours,  they  would  have  been  recoverable,  by  the 
admiffion  of  the  air  ; 1 fhall  add,  that  one  of  the  portable  receivers,  above- 
mentioned,  being  exhaufted,  and  carefully  fecured  from  the  air,  was  kept 
from  monday  morning  to  thurfday  morning : after  all  which  time,  being  un- 
able todifcover  any  fignsof  life,  among  the  included  mites,  theairwaslet  in 
upon  them,  which  foon  had  fuch  an  operation  upon  them,  that  both  I,  and 
others  could  plainly  fee  them  creep  up  and  down  in  the  glaffes  again. 

An  attempt  to  1 3 6.  Having  procured  a large  number  of  filk-  worms  eggs,  and  caufed 

produce  living  three  very  fmall  receivers  to  be  purpofely  made, that  differ’d  very  little,either 
in  fize  or  figure  ; we  convey’d  into  each  of  them,  together  with  a fmall  flock 
of  mulberry  leaves,  fuch  a number  of  eggs  as,  we  thought,  made  it  morally 
certain,  that  at  lead,  fome  of  them  fhould  prove  prolifick.  This  done,  we 
carefully  exhaufted  one  of  our  receivers,  and  fecured  itagainfl  the  return  of 
the  air  •,  and  the  two  others  were  left  full  of  air  : but  having  left  in  the  one 
a little  hole  for  the  air  to  get  in  and  out  at,  we  flopped  the  other  fo  clofe,  as 
to  hinder  all  intercourfe  between  the  internal  and  external  air.  Things 
being  thus  prepared,  we  expofed  the  receivers  to  a fouth  window,  where 
they  might  be  quiet,  and  where  I either  came,  or  fent  to  look  on  them, 
from  time  to  time  j the  fpring  being  then  fo  far  advanced,  that  I fuppos’d, 
the  heat  of  the  fun  would  be,  of  itfelf,  lufficient  to  hatch  them,  in  no 
long  time.  And  both  1,  and  others,  took  notice,  that,  in  the  unex- 
haufted  receivers,  there  were  feveral  eggs  hatch’d  into  little  infedls,  that 
perforated  their  fhells,  and  crept  out  of  them  5 tho’,  afterwards,  for  want 
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of  changeof  food,  orair,  or  both,  few,  or  none  of  them,  proved  long 5 
lived.  But  tho’  the  eggs,  in  thefe  receivers,  began  to  afford  us  little  ani- 
mals, in  a few  days  *,  yet  the  eggs,  in  the  exhaufted  receiver,  afforded 
none  in  fo  many  more,  that  we  left  off  to  expedt  any  from  them. 

We  took  feveral  of  thofe  little  fwimming  creatures,  which  in  autumn, 
efpecially  towards  the  end  of  it,  are  turn’d  into  gnats*,  and,  having  put  a 
convenient  number  of  them  together,  in  a fit  quantity  of  rain-water, 
wherein  they  had  been  found  and  kept,  into  a fmall  receiver  ; the  air  was 
pump’d  out,  and  the  veffel  fecured  againft  its  return,  and  then  fet  afide  in 
a place,  where  I could  obferve,  that,  on  the  day  after,  fomeof  thefe  little 
’ animals,  were  yet  alive,  and  fwimming  up  and  down,  not  without  minute 
bubbles  adhering  to  them  ; but  in  a day  or  two  after  that,  1 could  not 
perceive  any  of  them  alive  : nor  did  any  of  them  recover,  upon  the  ad- 
miflion  of  frefh  air.  Indeed,  the  weather  was  fo  cold  and  unfeafonable, 
that  a number  of  thefe  little  creatures,  put  up  with  water  in  another 
fmall  receiver,  all  died  within  a few  days,  tho’  none  of  the  air  was  exhauft- 
ed. And  feveral  that  I kept  in  an  ordinary  glafs,  which  was  often  unftopp’d 
to  give  them  frefh  air,  perifh’d  very  faff. 

1 37.  We  took  a round  glafs-egg  of  clear  metal,  and  furnifh’d  with  VLfbefurfrizing 
fhank,  fome  inches  in  length  ; this  we  fill’d  with  water,  and  convey’d  both  rarifafiion  of 
it,  and  a vial,  containing  water,  into  a receiver,  of  a convenient  fize  *,  air  without 
and  by  pumping  the  air  out  of  it,  we  made  bubbles  both  in  the  egg,  eat' 
and  the  vial,  to  difclofe  themfelves  in  great  numbers  *,  fo  that  the  liquor, 
in  the  glafs-egg,  feem’d  to  boil,  and  caus’d  all  that  was  in  the  fhank,  to- 
run  over.  When  we  thought  the  water  was  fufficiently  freed  from  air, 
we  took  out  the  glafles,  and  fill’d  up  the  fhank  of  the  egg  with  water 
taken  out  of  the  vial,  and  inverted  it  into  more  of  the  fame  water,  in  fuch 
manner,  that  the  egg  was  quite  full,  fhank  and  all,  excepting  a fmall 
bubble  of  air,  that  we,  purpofely  left,  to  gain  the  top  of  the  egg  ; where 
we  meafured  it  as  accurately  as  we  could,  and  found  it  to  be  a tenth,  and' 
lefs  than  two  hundredths  of  an  inch.  Then  putting  the  glaffes  again  into 
the  receiver,  the  pump  was  work’d,  and  the  little  bubble,  after  a while, 
began  to  expand  itfelf ; which,  when  it  had  once  done,  it,  at  each  fuck, 
ffrangely  increas’d,  till,  at  length,  it  drove  all  the  water  out  of  the  round 
part  of  the  glafs.  And,  left  it  might  be  objedted,  that  ’twas  only  the 
fubfiding  of  the  water,  upon  the  withdrawing  of  the  outward  air,  that 
before  kept  it  up  to  the  top  of  the  glafs  ; we  caus’d  the  pumping  tobecon- 
tinu’d,  till  the  expanded  air  had,  feveral  times,  driven  the  water,  in  the 
pipe  of  the  egg,  a pretty  way  beneath  the  level  of  the  external  and  fur- 
rounding water  in  the  other  glafs.  This  done,  we  let  in  the  air,  by  de- 
grees, with  a defign  to  obferve  what  bubble  we  fhould  find  at  the  top  of 
the  egg,  when  the  water  fhould  be  again  driven  up  into  its  cavity.  But  the 
expanded  air  had  forced  over  fo  much  water,  that  there  remain’d  not 
enough  to  fill  the  globular  part  of  the  egg.  We,  therefore,  made  the  ex- 
periment again  ; and,  when  we  had  proceeded  thus  far,  compar’d  the 
above-men  tion’d  diameter  of  the  fmall  bubble,  with  that  of  the  fpherical 
2 part 
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part  of  the  glafs,  which  we  took  with  a pair  of  callaper-compafles ; and 
tho’  we  found  it  to  be  fomewhat  more  than  twenty  times  as  great,  yet  we 
fuppofed  the  two  diameters  to  be  only  as  i to  20  •,  and,  confequently, 
fince  the  proportion  between  fpheres  is  triplicate  to  that  of  their  diameters* 
the  air  appear’d  to  have,  by  expanding  itfelf,  poffefs’d  eight  thoufand  times 
the  fpace  it  took  up  before.  Nor  was  itoverfeen  by  us,  that  fuch  o-]afies 
as  we  ufed,  arefcarce  ever  fpherical.  But  Dr.  Wallis,  who  aflifted  at  the 
experiment,  concluded,  with  me,  that  the  cavity  of  the  ftiank,  from  v/hence 
the  expanded  air  drove  the  water,  which  we  did  not  compute,  would 
make  abundant  amends  for  any  inaccuracies.  After  this,  for  farther  fa-  • 
tisfadion,  we  took  water,  laborioufly  freed  from  air  *,  and,  putting  it  into 
the  fame  glafs-egg,  we  inverted  it,  as  before,  but  left  not  any  bubble  in 
it.  This  we  did,  that,  in  cafe  we  could  make  the  water  fubfide,  the  ex- 
periment might  prevent  a fufpicion,  that  fome  air,  latent  in  the  water,  in- 
creafed  the  bubble,  formerly  left  in  it.  Having,  then,  exhaufted  the  re- 
ceiver, at leaft  as  much  as  before,  the  water,  in  the  egg,  did  not  at  all  fub- 
fide : but  at  length,  with  obftinate  pumping,  a bubble  difclofed  itfelf,  and 
drove  all  the  water  clear  out  of  the  round  part  of  the  glafs.  And  tho',  by 
reafon  of  fome  fmall  leaks,  that  we  could  not  find,  or  flop,  we  were  notable 
as  before,  to  make  the  expanded  air  deprefs  the  water  in  the  fhank, beneath 
thefurfaceof  the  external  water  ; yet  we  wanted  very  little  of  it : and, 
then,  giving  over,  we  found,  that  when  the  water  was  impeH’d  up  again 
into  the  egg,  there  was,  at  the  top  of  it,  a bubble,  whofe  diameter*  we 
meafur’d,  and  found  it  to  be  to  the  diameter  of  the  globular  part  of  the 
glafs, as  1 to  14 : fo  that,  though  the  little  bubble  had  been  a perfect  fphere, 
it  muft,  when  expanded,  have  been  2744  times  as  big  as  when  unexpanded. 
But  Dr.  IVallis , obferving  the  great  thinnefs  of  the  bubble,  pofitively  af- 
firm’d, that  he  could  noteftimate  it  to  be,  at  moft,  any  bigger  than  the 
third  part  of  a perfect  fphere  of  that  diameter  : by  which  eftimate,  the 
expanfion  of  the  bubble  muft  have  reach’d  to  8232  times  its  natural  di- 
menfions.  Yet  by  letting  as  much  water  into  the  receiver  as  it  would  ad- 
mit, we  found,  that  we  had  not  exhaufted  all  the  air. 

138.  At  another  time,  a fmall,  and  almoft  invifible  bubble,  expanded 
itfelf,  when  the  ambient  air  was  pretty  well  exhaufted  to  more  than 
ten  thoufand  times  its  former  extent.  We  took  a fmall  bolt-head,  blown 
at  a lamp,  which  contain’d,  in  all,  about  eighty  grains  of  water  j and 
inverting  the  fmall  neck  into  a jar  of  water,  it  was  included  in  the 
receiver  ; and  the  ambient  air  being  exhaufted,  numerous  bubbles  rofe 
out  of  the  water,  and,  expanding,  quickly  drove  all  the  water  out  of  the 
bolt-head.  Then,  re-admitting  the  outward  air,  the  bolt-head  was  pre- 
sently almoft  fill’d,  and  all  the  expanded  air  ftirunk  into  a bubble  little 
bigger  than  a fmall  pin’s  head  ; when,  taking  the  bolt-head  out  of  the  wa- 
ter, and  inverting  it,  that  the  bubble  might  get  out  at  the  neck,  we  care- 
fully fill’d  it  up  with  the  water  that  had  been  freed  from  air  \ and,  then, 
inverting  it,  as  before,  into  the  jar  with  water,  we  again  included  it  ; 
and,  after  fome  exfu&ions,  found,  that  there  was  got  out  of  the  water, 
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into  the  neck,  a very  confpicuous  bubble,  which,  upon  admitting  the  Pnkumattc* 
air,  fhrunk  ah  noil  into  an  invifible  one,  and  afcended  into  the  head  of 
the  glafs.  Tnen,  again  exhaufting  the  receiver  very  well,  we  found  it  ex- 
pand itfelf,foas  to  fill  the  capacity  of  the  bolt-head, and  to  drive  outalmoft 
all  the  water.  And,  upon  re  admitting  the  air,  it  again  fhrunk  into  a 
bubble,  whofe  diameter  (according  to  our  bed  eftimate)  was  not  more  than 
a two  and  twentieth  part  of  the  diameter  of  the  head  of  the  above- mention’d 
glafs ; fo  that,  to  fill  the  whole  cavity  of  the  head  only,  it  expanded  itfelf 
10648  times  : but  becaufe  it  fill’d,  likewife,  the  greateft  part  of  the  neck, 
we  found,  by  weighing  the  water  which  fill’d  that  part,  and  the  water 
which  fill’d  the  head,  that  the  capacity  of  that  part  of  the  neck,  was  al- 
moft  a third  of  the  capacity  of  the  head  ; being  as  141  to  48 1.  If,  there- 
fore, 481,  the  capacity  of  the  head,  contain’d  it  10648  times;  141,  the 
capacity  of  the  neck,  mud  contain  it  3121  ^rf  rimes ; fo  that  in  all,  the 
fmall  bubble  of  air  was  expanded  to  above  13769  times  its  former  bulk. 

The  diarneterof  the  fmall  bubble  contracted,  was  af  inch. 

The  diameter  of  theoutfideof  the  head  of  the  glafs  was -J*.  inch. 

The  water,  that  fill’d  the  head  only,  weigh’d  fixty  grains  and  a half. 

The  water  that  fill’d  the  head,  and  as  much  of  the  neck  as  the  air  had 
before  expanded  itfelf  into,  weigh’d  feventy-eight  grains,  and  one  eighth  ; 
whence  that  part  in  the  neck  weigh’d  feventeen  grains,  and  five  eighths. 

The  bolt- head  itfelf  weigh’d  fifteen  grains. 

139.  We  tried  this  experiment  again,  and  found  a fmall  bubble,  much 
about  one  twelfth  of  an  inch  in  diameter,  fill’d  not  only  the  ball  at  the 
end  of  the  bolt-head,  (which  was  an  inch  and  a half  in  diameter,)  but  the 
whole  neck,  which  contain’d  near  as  much  water  as  the  head  ; and  beat 
down  the  furface  of  the  water  within  the  pipe,  much  below  that  of  the 
water  external  to  it. 

Thefe  experiments  may  give  rife  to  inquire,  what  figures  and  motions 
in  the  particles  of  the  air,  can  explain  fuch  a wonderful  rarifad'tion,  per- 
haps, without  quite  lofing  its  durable  fpring  ; how  the  air  comes  to  be  ra- 
rifiable  fo  many  times  more  without  heat,  than  hitherto  we  have  found  it 
by  heat ; and,  laftly,  what  might,  reasonably,  be  conjedtur’d  about  that 
part  of  the  cavity  of  an  exadlly  clofed  glafs,  where  tho’  the  eye  difeovers 
no  vifible  fubftance,  it  appears  not,  that  the  common  air  adequately  fills 
fo  much  as  the  ten  thoufandth  part. 

140.  It  has  not,  that  I know  of,  been  attempted  to  difeover,  whether  7^  duration 
the  air  either  in  the  utmoft,  or  in  the  intermediate  degrees  of  rarifadtion  we  of  the  fpring 
can  bring  it  to,  retains  a conftant  and  durable  elafticity  ; and  what  other  °f  expanded 
properties  it  either  gains  or  lofes  by  confinement  *. 

To  attempt  fomething  of  this  kind,  I caufed  a good  bubble  of  glafs, 
with  a Item,  to  befo  blown  at  the  flame  of  a lamp,  that  whilft  the  ball  was 


air. 


* Mr.  Hauskbee  has  fhewn,  by  experi- 
ment, that  the  fpring  of  the  air  may  be 
fo  diliurb’d  by  violent  prefiure,  as  to  re- 
quire a confiderable  time  to  recover  its 
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natural  tone  and  temper  ; and  that  this 
tone  will  be  as  the  force  employ’d,  or  its 
continuance  in  fuch  a violent  Hate.  Bauhsb . 
Experim.  p.  no— 112.  andp.  162  — 1 66. 
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P'^^TICSyetexceeding  h0t’  and  confequently,  contain’d  none  but  highly  rarify’d 
air,  the  ftem  was  iuddenly  feal’d  up.  This  bubble,  many  months  after, 
I inverted  into  a bafon  of  water;  and,  having  broken  off  the  feal  under 
the  furface  of  it,  the  liquor  was  violently  unpell’d  into  the  cavity,  yet  v/as 
not  able  to  fill  it  ; a confiderable  part  being  defended  from  the  farther 
afcent  of  the  water,  by  the  fpring  of  the  remaining  air  ; which,  for  all  the 
long  ftretch  it  had  been  put  to,  had  not,  that  we  obferv’d,  loft  any  thino- 
of  its  fpring.  At  another  time,  leaving'a  very  fmall  proportion  of  air  in 
the  folds  of  a fine  limber  bladder,  whofe  neck  was  very  clofely  tied  ; by 
the  help  of  the  air-pump,  it  was  fo  expanded,  that  at  length,  it  feem’d 
to  fill  the  whole  bladder,  and  reduce  it  to  the  extent  it  had,  juft  before 
’twasempty’d.  And  the  bladder,  by  a peculiar  contrivance,  was  fo  in- 
cluded in  another  vefiel,  that,  being  protefted  from  the  outward  air,  it 
maintain’d  its  tumid-figure  ; and  in  that  unwrinkled  ftate  it  continued  for 
near  three  years. 

I,  afterwards,  contrived  an  inftrument,  fit  to  difcover  how  long  air, 
brought  to  thegreateft  expanfion  I could  conveniently  reduce  it  to  in  my 
engine,  will  retain  its  fpring  ; and  by  what  degrees,  or  ftages,  and  pe- 
riods of  time,  the  decreafe,  if  any  happen,  is  made.  But  I could  not,  by 
its  means,  obferve  any  remarkable  diminution  in  the  air’s  elafticity,  tho’ 
it  was  prefs’d,  and  as  it  were,  clogg’d  with  a weight,  which  one  would 
wonder  how  it  could,  when  ’twas  lo  highly  rarify’d,  fupport  for  one  mi- 
nute. And  in  one  of  them,  we  found  not,  in  ten  weeks  time,  any  con- 
fiderable variation  ; for  the  little  fhrinking  of  the  air,  difcoverable  by  an 
attentive  eye,  might  be  probably,  afcribed  to  the  change  of  the  weather 
to  a far  greater  degree  of  coldnefs. 

I alfo,  contriv’d  a little  portable  inftrument,  wherein  the  air  be  ino- ex- 
panded, as  one  may  guefs,  to  five  or  fix  hundred  times,  (perhaps  a thou- 
sand times)  its  wonted  extent,  has  not  only,  for  a long  time,  preferved  its 
fpring;  but  alfo,  tho*  very  much  dilated,  without  heat,  the  heat  of  the 
hand,  apply’d  to  theoutfide  of  the  vefiel,  has  a quick,  and  very  manifeft 
operation;  and  upon  the  withdrawing  thereof,  the  air  quickly  returns  to 
its  former  dimenfions,  and  temper  ; fothat  it  may  be  employ’d  as  a kind 
of  weather-glafs. 

1 41 . A cylindrical  glafs,  blown  at  a lamp,  and  having  a long  ftem  coming 
out  at  the  unfeal’d  end,  was  quite  fill’d  with  water,  and  inverted  into 
more,  placed  at  the  bottom  of  a large  pipe,  feal’d  at  one  end,  and  of  three 
or  four  feet  in  length  ; this  external  pipe  was  exhaufted,  till  the  air,  that 
difclofed  itfelf  in  the  water  of  the  internal  one,  had  forc’d  out  the  water, 
in  the  cylindrical  glafs,  as  low  as  the  upper  part  of  the  ftem  ; at  which 
great  expanfion  of  the  air,  the  external  pipe,  being  fpeedily  and  fecurely 
dofed  by  a certain  contrivance,  the  air  thus  rarify’d,  was  kept  fome- 
times  in  my  own  chamber,  that  v/as  warmer  ; fometimesin  an  under- room; 
and  after  it  had  been  kept,  from  firft  to  laft,  about  eleven  weeks,  or 
three  months,  without  any  other  remarkable  variation,  than  that  in  the 
cold  room,  the  water  afeended  a little  at  that  part  of  the  internal  pipe, 

where 
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Where  the  lower-end  of  the  cylinder  gradually  leffen’d  itfelf  into  the  Hen- 
der  Item.  At  length  we  broke  off  the  clofed  apex,  when  the  water  was 
but  leifurely  (becaufe  of  the  llendernefs  of  the  orifice  made  for  the  air  to 
get  into  itj  impell’d  up  into  the  deferted  cavity  of  the  cylinder,  which  it 
wholly  filled,  except  a little  bubble,  exceeding  fballow.  We  made  ufe  of 
our  eyes,  at  a fit  diftance,  and  of  compaffes,  both  ordinary  and  callaper, 
to  obtain  thefe  meafures.  The  cylindrical  part  of  the  internal  pipe  was 
three  inches  in  length;  and  three  fifths  of  an  inch,  or  lefs,  in  diameter,  on 
the  outfide.  The  bubble  was  two  tenths  in  diameter,  and  about  two  hun- 
dredths in  depth.  From  all  which,  according  to  Dr.  Wallis , who  aflift- 
ed  in  the  experiment,  the  natural  bubble  was,  to  the  fpace  it  poffeffed, 
when  expanded,  as  i to  1350. 

142.  After  the  middle  o {September^  on  afun-fliiny  day,  about  noon,  we  <rhe  eondenja - 
took  a bolt-head,  or  round  vial,  furnifh’d  with  a long  Item,  and  placed  it  t ion  of  the  air 
in  a frame  purpofely  provided,  fo  that  the  flem  was  perpendicular  to  the^>’  co}d'“nd lts 
horizon,  and  the  globular  part  fupported  by  fuch  a veffel,  that  thorough  a ZlfbmtZe- 
hole  made  in  its  middle,  the  fliank  reached  downwards,  till  the  orifice  of  chanical  en~ 
it  was  a little  immers’d  beneath  the  furface  of  a glafs  of  water,  placed  2XSin*s* 
the  bottom  of  the  frame.  This  done,  we  took  a large  proportion  of  beaten 
ice,  and  mix’d  it  with  a due  quantity  of  bay-falt,  and  not  only  laid  it  round 
about  the  lower  part  of  the  ball  ; but  the  veffel,  contiguous  to  that  part, 
being  purpofely  made  with  turn’d-up  brims,  we  heap’d  up  the  frigorific 
mixture,  fo  as  to  bury  the  whole  fpherical  part  of  the  glafs  in  it,  and  co- 
ver the  very  top  of  it  therewith  to  a confiderable  thicknefs ; whereby  the 
air  within  being  exceedingly  cooled,  the  water,  in  which  the  fhank  termi- 
nated, was  made  to  afcend  faff  along  the  cavity  of  that  fhank,  till  we  per- 
ceived it  would  reach  no  higher  : but,  after  a while,  it  began  to  fubfide 
again  ; which  nick  of  time  being  carefully  watched,  fcwe  made  a mark  at 
the  higheff  ftation  of  the  fluid,  and  then  taking  out  the  bolt-head,  we  fill’d 
it  with  water ; allowing  for  that  fmall  part  of  the  flem  which  was  im- 
mers’d at  the  beginning  of  the  operation.  This  water  weighed  nineteen 
ounces,  and  fix  drams ; then  weighing  as  much  water,  as  fufficed  to  fill  the 
fhank  up  to  the  mark  before-mentioned,  we  found  that  to  be  one  ounce 
and  three  drams ; by  which  number,  the  former  being  divided,  the  quo- 
tient is  14  tt  drams  : fo  that  the  proportion  of  the  two  quantities  of  water, 
being  as  1 1 to  158,  the  fpace  into  which  the  air  was  condenfed  by  refrige- 
ration, was  to  the  fpace  it  poffeffed  in  its  former  ftate  of  laxity,  as  147  to 
158  ; and,  confequently,  thegreatefi:  condenfation,  that  fuch  a time  of  the 
year,  fuch  weather,  and  fo  high  a refrigeration,  could  bring  the  air  to, 
made  it  lofe  but  tH-  of  its  former  extent. 

But,  in  the  following  condenfation,  or  comprefllon  of  air,  tho*  cold  were, 
indeed,  employ’d,  yet  that  could  not  contract  the  air  to  any  thing  near 
fuch  a degree,  where  the  frigorific  mixture  did  not  primarily,  or  immedi- 
ately, comprefs  the  included  air  ; but  only  fo  affe£ted  the  water  that  was 
fhut  up  with  it  in  the  fame  veffel,  as  to  make  it  fwell,  and,  confequently, 
crowd  the  aerial  particles  into  lefs  room. 

Vol.  II.  Bbbb  The 
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F^T1^ICS  The  experiment  was  this.  We  took  a new  glafs  bolt-head,  with  a neck 
not  long,  and  filled  it  fo  far  with  common  water,  that,  being  hermetically 
Seal'd,  the  liquor  reach’d  within  three  inches  of  the  top  ; and  making  an 
eftimate  of  the  fharp  end,  left  fo  for  the  conveniency  of  Sealing  up  the 
glafs,  we  guefs’d  it  to  be  about  a quarter  of  an  inch  in  length  ; then,  ap- 
plying fnow  and  fait  to  the  lower  part  of  the  bolt-head,  we  readily  drove 
out  the  water  further  and  further  into  the  neck,  till  at  length  it  was  got  up 
to  the  bafis  of  the  fharp  conical  end,  where  the  glafs  was  feal’d  ; and  then, 
juft  as  I was  looking  upon  it,  the  glafs  flew,  with  a noife,  about  my  ears  ; 
being  broke  into  many  pieces,  which  argued  the  compreflion  of  the  air 
to  have  been  very  great.  And  Dr.  Wallis 9 who  was  prefent,  and  mea- 
sur’d it  from  time  to  time,  defir’d  me  to  regifter  the  experiment,  with  his 
eftimate  ; which  is,  that  the  air  was  reduced  into  the  fortieth  part  of  its 
former  dimenflons. 

This  condenfation  of  the  air  is  the  more  Surprizing,  becaufe  Some  of  the 
greateft  mathematicians  of  our  age,  have  not,  with  wind-guns,  and  other 
forcible  engines,  been  able  to  crowd  the  air  into  lefs  than  the  fifteenth  part 
of  its  ufual  extent. 

Vhe fur  prizing  143-  Tho’  we  could  not  find,  that  cold,  in  our  climate,  would  reduce 

difference  in  the  air  into  near  the  twentieth  part  of  its  natural  fpace,  by  condenfation  *, 
quantity  yet\  ^eat  will  advance  it  to  near  feventy  times  its  ufual  laxity,  by  rari- 

cf  air  rarifed^^Q^' 

andcompref'd.  But,  as  by  engines,  and  artificial  contrivances,  the  air  may  be  two  or 
three  times  more  comprefs’d,  than  naturally  it  is,  even  in  frofty  weather  ; 
So,  on  the  other  fide,  it  may,  by  means  of  art  and  inftrumenss,  be  much 
more  rarified,  and  expanded,  than  has  been  hitherto  found,  by  the  bare 
application  of  external  heat,  even  that  of  an  intenfe  fire. 

We  may,  alfo,  obferve,  how  much  the  utmoft  degree  of  its  rarifa&ion 
by  heat,  mention’d  by  Merfennus , falls  fhort  of  the  degree  to  which  it  has 
been  advanced  in  our  pneumatical  engine  •,  the  proportion  betwixt  the  two 
being  that  of  about  i to  70. 

But  the  air  we  make  our  trials  with,  upon  the  Surface  of  the  earth,  is 
not,  properly,  in  a free  and  indifferent  ftate,  with  regard  to  rarifadtion 
and  condenfation  ; but  already  highly  comprefs’d  by  the  weight  of  theat- 
mofphere  refting  upon  it ; whilft  the  air  to  be  rarified,  has,  by  virtue  of 
its  Spring,  a ftrong  tendency  to  dilate  itfelf. 

Here,  then,  Seems  to  be  a Surprizing  mutability  of  the  air,  as  to  rarity 
and  denfity  ; whereby  the  fame  quantity  of  air,  being,  Sometimes,  com- 
prefs’d, and  Sometimes  dilated,  may  change  its  dimenflons  to  a degree, 
that  Seems,  almoft,  to  tranfce.nd  the  power  of  nature  and  art ; and,  by 
confequence,  might,  probably,  be  rejected  as  incredible,  if  it  were  abruptly 
and  nakedly  propofed  : for,  we  can  Scarce  Safely  put  determinate  limits  to. 
the  ftupendous  rarity,  which  the  upper  part  of  the  atmofphere,  being,  al- 
moft totally,  uncomprefs’d,  by  incumbent  particles  of  air,  may  be  Sup- 
posed to  have  by  nature,  unaflifted  with  art. 


But 
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But  to  compare  together  the  {mailed  extent  to  which  we  have  reduc’d 
the  air,  by  condenfation,  and  the  greated  to  which  we  have  advanc’d  it  by 
rarifa&ion  •>  the  extent  of  the  fame  quantity,  highly  rarified,  is,  to  leave 
outfomeodd  hundreds,  13,000  times  greater  than  before  ; which,  being 
multiplied  by  40,  the  degrees  of  the  air’s  compreffure,  it  will  amount  to 
520,000,  for  the  number  of  times,  by  which  the  air,  at  one  time,  may 
exceed  itfelf  in  bulk  at  another:  a difference  truly  furprizing,  tho’,  doubt' 
lefs,  it  might  be  carried  vadly  higher  ! * ** 


SECT.  III. 


BEfore  we  proceed  to  our  other  pneumatica]  experiments,  ’tis  neceffa- 
ry  to  premife,  what  relates  to  the  improvements  of  the  chief  en- 
gine, wherewith  they  were  made,  and  to  the  other  indruments  employ’d 
therein. 

In  our  engine,  with  a double  barrel,  for  exhauding  the  air,  A A,  are  A defiriptim 
two  pumps  made  of  brafs.  of  an  engine 

BB,  two  fuckers  or  Emboli , hollow  within,  and  open  below.  with  a doubl 

CC,  two  holes  in  the  upper  part  of  the  fuckers,  with  valves  opening  haujiingthe 
outwards,  to  let  the  air  efcape,  and  hinder  it  from  coming  in.  air. 

DDDD,  iron  rods,  ferving  to  move  the  Emboli , being  annex’d  to  them.  F*g-  68* 

EE,  two  flat  iron  ffirrups,  at  the  top  of  the  rods  DD,  on  which  the 
Operator  mud  dand  to  work  the  engine. 

GGG,  a cord  join’d  to  the  two  dirrups,  and  running  in  the  pully  H. 


* Air,  near  the  earth’s  furface,  pofiefies  a- 
bout  850  times  the  fpace  of  an  equal 
weight  of  water ; and,  therefore,  fays  Sir 
Jfaac  Nzwton,  44  a cylindrical  column  of 
“ air,  850  feet  high,  is  of  the  fame  weight 
“ with  a column  of  air  a foot  in  height, 
44  and  of  the  fame  diameter.  But  a co- 
44  Jumn  of  air,  reaching  to  the  top  of  the 

**  atmofphere,  is  equal  in  weight  to  a co- 
<{  lumn  of  water,  about  33  feet  high  ; if, 
“ therefore,  the  lower  part  of  the  whole 
*c  aerial  column  of  850  feet  high,  be-  de- 
**  dueled,  the  remaining  upper  part  will 
“ be  equal,  in  weight,  to  a column  of  wa- 
41  ter  32  feet  high.  Now,  fince  the  air 
44  is  comprefs’d,  in  proportion  to  the 
44  atmofphere  that  relts  upon  it;  and 
44  fince  gravity  is  reciprocally  as  the 
44  fquare  of  the  diitance  of  the  place 
44  from  the  earth’s  centre ; I have  found,” 
fays  he,  “ that  air,  in  afcending  from  the 
Jt‘  furface  of  the  earth,  to  the  height  of 
44  on*  femi-diameter  thereof,  is  rarer  than 


44  with  us  in  a far  greater  proportion, 
44  than  that  of  all  the  fpace  below  the 
44  orb  of  Saturn , to  the  fphere  of  an  inch 
“ diameter.  Confequently,  fuch  a fphere 
44  of  our  air,  of  the  rarity  it  has  at  the 
44  height  of  a femi-diameter  of  the  earth, 
44  would  fill  all  the  regions  of  the  planets, 
44  as  far  as  the  orbit  of  Saturn , and  vaftly 
“ farther ! ” Newton.  Princip.  p.  470. 

This  prodigious  degree  of  rarifaftion, 
feems  unintelligible  to  Sir  Ifaac  Newton , by 
feigning  the  particles  of  air  to  be  fpringy 
and  ramous,  or  rolled  up  like  hoops : or, 
by  any  other  means  than  a repulfive  pow- 
er ; which  is  much  greater  here  than 
in  other  bodies,  becaufe  air  is  very  diffi- 
cultly generated  out  of  very  fix’d  bodies ; 
and  fcarce  without  the  affiftance  of  fer- 
mentation ; for  thofe  particles  recede  from 
one  another  with  the  greateft  force,  and 
are  moll  difficultly  brought  together,  which, 
upon  contact,  cohere  mod  tfrongly.  New- 
ton. Optic,  p.  371, 372. 
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JLL/,  two  valves  at  the  bottom  of  the  pumps,  opening  inwardly,  to  ad- 
mit the  air  out  of  the  tube  MM. 

MM,  a tube  reaching  from  both  pumps  to  the  plate  OO,  by  means  of 
the  curvature  PPQQj  which  ought  to  be  fo  long,  that  the  tube  PQO, 
may  not  hinder  the  pumper  from  (landing  conveniently  on  the  (lirrups  EE. 

OO,  a plate  bored  in  the  middle,  on  which,  the  receivers,  to  be  eva- 
cuated, are  placed;  as  R,  for  example. 

Before  this  engine  can  be  fit  for  ufe,  it  is  to  be  put  into  a frame  of  wood, 
to  fuppo.rt  it,  as  Fig.  69.  and  as  much  water  is  to  be  poured  thro’  the 
hole  in  the  plate  OO,  into  the  pumps,  as  will  fill  the  cavities  of  the 
fuckers,  and  a little  more:  then,  a perfon  muft  (land  on  the  two  iron  ftir- 
rupsEE,  and  alternately  deprefs  and  elevate  them.  By  this  means,  the 
fuckers  following  the  motion  of  the  flirrups,  in  their  afcent,  will  leave  the 
fpace  in  the  bottom  of  the  pumps  empty  ; and  fince,  as  all  other  paflage  is 
denied  from  the  air,  that  alone,  which  is  contain’d  in  the  receiver  R3,  is 
convey  d into  the  pumps,  by  the  tube  QQPPM,  and  opens  the  valve 
L,  which  being  prefently  fhut,  hinders  the  fame  air  from  returning ; 
wherefore,  the  fucker  afterwards  defcending,  comprefleth  that  air;  whence 
of  neceffity,  the  valve  C muft  be  open’d,  and  all  the  air  pafs  out  at  it ; be- 
caufe  the  water  in  the  bottom  of  the  pumps  exa&ly  fills  all  the  fpace,  and 
alfo  regurgitates  thro*  the  valve  C. 

This  double  engine  is,  upon  many  occafions,  preferable  to  a fingle  one  ; 
fmce.it  doth  not  only  produce  a double  effedt,  but  alfo  performslt  much 
more  eafily  : for,  in  thofe  engines  which  are  furnifhed  but  with  one  tube, 
whilft  the  fucker  is  drawn  up  to  evacuate  one  pump,  the  whole  pillar  of  the 
air  incumbent  on  the  fucker,  is  to  be  elevated  by  force  ; and  again,  when 
the  fucker  returns,  it  is  alfo  by  force  to  be  reftrain’d,  left  it  fhould  be  too 
fwiftly  impell’d  by  the  air,  and  fo  break  the  bottom  of  the  engine  ; but  in 
thefe  double  engines,  the  operator  is  in  a manner  wholly  free  from  that  toil. 
Eor,  in  the  firft  fucftions,  the  Emboli  are  eafily  lifted  up,  becaufe  the  air, 
immediately  deriv’d  from  the  receiver  R,  into  the  pumps,  prefteth  the 
fuckers  downwards,  almoft  as  ftrongly,  as  the  external  air,  incumbent 
on  the  oppofite  part ; and  when  the  quantity  of  the  internal  air  is  dimi- 
nifh’d,  the  fucker  to  be  deprefs’d,  tends  downward  with  the  greater  force 
and  fo,  by  means  of  the  cord  GGG,  compafling  the  pully,  draws  the 
other  E?nbolus  upwards,  and,  at  the  fame  time,  hinders  it  from  defcendinor 
with  too  great  velocity  ; and,  by  this  means,  both  fuckers,  at  one  and  the 
lame  time,  will  affift  the  pumper.  And,  as  th e Emboli  make  but  a very 
fmall  refiftance,  the  two  pumps  of  this  engine  may  be  ply’d  with  greater 
eafe  and  expedition,  than  one  pump  in  fingle  engines ; whence,  this  contri- 
vance is  of  great  ufe  in  thofeexperiments,  which  cannot  well  be  made  flowl  y. 

1 he  whole  gage  ABCDE,  confiftsof  three  glafs-tubes,  all  well  cement- 
ed  together,  fo,  that  a palfage  remains  open,  from  one  to  the  other  ; the 
hrit  of  thefe  tubes  AB,  being  open  at  the  extremity  A,  is  of  lefs  capaci- 
ty than  the  tube  BCD,  but  of  greater  than  ED.  The  tube  BCD, 
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is  crooked  in  the  middle,  and  the  tube  ED,  ought  to  be  hermetically  feal’d 
at  the  extremity  E ; but  the  part  BCD,  muft  be  filTd  with  mercury. 

If  this  inftrument,  thus  prepared,  be  put  into  a receiver,  out  of  which 
the  air  is  to  be  extracted,  the  air  remaining  in  the  part  ED,  will,  by  its 
fpring,  comprefs  the  mercury  DCB,  and  force  it  to  afcend  into  the  part 
BA,  and  itfelf  will  be  dilated  in  the  cavity  DC.  If  then,  the  following 
proportions  be  duly  obferv’d,  between  the  magnitude  and  length  of  the 
tubes,  when  the  air  is  extracted,  the  merucry  will  almoft  reach  to  the  top 
A,  and  the  air  in  the  other  leg,  being  fo  dilated*  that  it  cannot  fuftain  a 
greater  body  of  mercury,  will  remain  included  in  that  fpace. 

But,  that  this  inftrument  may  exaftly  Ihew  the  quantity  of  the  air  pro- 
duced in  a receiver  ; the  tubes  AB,  ED,  are  to  be  diftinguifh’d  by  marks 
into  feveral  parts  *,  and  when  the  Torricellian  experiment  is  made,  upon 
the  plate  LM,  of  the  pneumatic  engine,  as  Fig.  70.  a receiver  FGE,  is  to 
be  taken,  perforated,  at  the  top  F,  and  the  tube  HI,  is  to  be  tranfmit- 
ted  thro’  the  hole,  that  fo  the  receiver  may  be  apply’d  to  the  plate  ; and 
then  the  hole  F being  flopp’d,  and  the  gage  ABCDE  put  into  the  receiver, 
the  air  is  to  be  exhaufted  ; the  air  then,  being  dilated  in  the  receiver,  the 
mercury  cannot  be  fuftain’d  fo  high  in  the  tube  HI,  but  muft  defcend  by 
degrees  ; and  at  the  fame  time,  the  air  of  the  tube  ED,  gradually  drives 
the  mercury  into  the  tube  AB.  Now  when  the  mercury,  in  the  tube  HI, 
defcends  to  the  height  of  twenty-nine  inches,  and  remains  at  that  height, 
if  we  mark  how  high  the  mercury  hath  afcended  into  the  tube  AB,  we  may 
know,  that  as  often  as  the  mercury  in  the  gage  fhall  reft  at  that  height, 
the  air  in  the  fame  receiver,  will  be  able  to  fuftain,  only  twenty-nine 
inches  of  mercury  ; whence  that  place  in  the  gage  muft  be  mark’d  with  the 
figure  twenty-nine;  and  fo  every  inch  of  the  mercury’s  defcent  in  the 
tube  HI,  may  be  marked  in  our  mercurial  gage,  when  the  part  AB,  will 
fhew  all  degrees  of  the  rarifatftion  of  the  air. 

But  now,  if  the  air  be  condens’d  in  the  receiver,  above  its  wonted  pref- 
fure,and  all  ways  of  its  efcape  be  flopp’d,  it  may  immediately  be  known, 
by  the  tube  ED;  for  the  mercury  will  be  imped’d  into  it  by  the  incumbent 
air,  thro’  the  open  hole  fo  much  the  higher,  as  the  compreflure  of  the  air 
in  the  receiver  fhall  be  the  greater ; and  how  great  that  is,  and  what  an  al- 
titude of  the  mercury  it  can  fuftain,  may  eafily  be  found,  by  computation, 
thus. 

It  has  been  prov’d,  that  the  fpace  poflefsM  by  air,  is  diminifh’d  in  the 
fame  proportion,  as  the  comprefling  force  increafes,  and  viceverfd. 

Let  then  the  fpace  A,  be  po fiefs ’d  by  a certain  quantity  of  air,  whilft 
the  comprefling  force  is  F ; if  we  increafe  that  force  by  the  addition  of  G, 
which  is  equal  to  it,  our  felf-fame  quantity  of  air  will  be  reduc’d  to  half 
its  fpace,  fo  that  B,  the  remaining  fpace,  will  be  half  of  the  total  fpace 
A,  as  the  former  preflure  F,  is  half  of  the  total  prefllire  F and  G.  And,  if 
we  further  increafe  the  preflure,  by  the  addition  of  H,  fo  that  the  firft 
preflfure  F,  is  only  one  fourth  of  the  total  preflure  F and  G and  H,  the  air 
can  poflefs  only  the  fpace  C,  which  is  one  fourth  of  the  total  fpace  A. 

2 * Thus, 
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Thus,  the  remaining  fpace  will  always  be  in  the  fame  proportion  to  the 
total  fpace,  as  the  firft  preflure  is  to  the  total  preflure. 

So  that  the  remaining  fpace,  being  to  the  total  fpace,  as  the  firft  pref- 
fure  is  to  the  total  preflure  *,  three  of  thefe  terms  being  known,  it  will 
be  eafy  to  find  a fourth,  by  the  rule  of  proportion.  For  inftance,  in 
our  gage  let  the  tube  ED,  be  the  total  fpace  into  which  the  air  is  com. 
prefs’d,  by  the  ufual  preflure  of  the  air,  which  in  England  is  equivalent 
to  thirty  inches  of  mercury  ; the  firft  preflure  therefore,  will  be  thirty 
inches  of  mercury.  Now,  if  that  preflure  be  increafed,  and  the  air  reduced 
into  a lefs  fpace,  fuppofe  in  the  fpace  NE  *,  to  find  the  quantity  of  this 
preflure,  I meafure  the  remaining  fpace  NE,  and  conflitute  that,  fuppofe 
fix  inches  for  the  firft  term  of  the  proportion  *,  then  the  fecond  term  will 
be  the  total  fpace  DE,  fuppofe  twelve  inches*,  the  third  term  the  height 
of  thirty  inches  of  the  mercury,  which  was  the  firft  preflure  *,  and  fo  the 
fourth  term,  or  total  preflure,  will  be  found  to  be  fixty  inches  of  mercu- 
ry ; whence  I conclude,  that  the  preflure  of  the  air  in  the  receiver  can 
fuftain  the  mercury  to  the  height  of  fixty  inches  *,  and  fo  of  the  reft. 

From  the  fame  principle,  it  will  be  eafy  to  find,  what  ought  to  be  the 
proportion,  between  thefizeof  the  tubes  AB  and  ED.  For  that  de- 
pends on  the  length  of  the  legs,  which  the  higher  they  are,  fo  much 
the  better  they  reftrain,  and  keep  in  the  air,  but  little  dilated,  in 
the  feal’d  part.  For  inftance,  let  thelength  AB,  be  ten  inches,  which  height 
of  the  mercury  is  one  third  of  the  accuftom’d  preflure,  and  it  is  fufficient, 
that  the  tube  HB,  be  twice  as  big  as  the  tube  ED  ; for  after  the  mercury 
hath  afcended  to  the  top  of  the  tube  AB,  the  air  included  in  the  other  leg, 
expanding  itfelf  into  the  fpace  forfaken  by  the  mercury,  will  poflefs  three 
times  more  than  its  former  fpace  *,  and  lo  one  half  of  the  firft  preflure, 
which  is  ten  inches,  will  be  fufficient  to  curb  its  fpring.  But,  if  the 
legs  were  fhorter,  the  mercury  would  be  expell’d,  by  the  included  air, 
at  leaft  in  part.  And  therefore,  the  magnitude  of  the  tube  A B,  ought 
to  have  a greater  proportion  to  the  magnitude  of  the  tube  ED,  that 
the  afcending  mercury  may  afford  more  fpace  to  the  air,  to  be  dilated  ; fo 
that  the  fpring  of  the  air  being  weaken’d,  the  weight  of  the  mercury  can- 
not be  overcome.  And  thus  it  would  happen,  if  the  height  of  the  gage 
were  to  the  height  of  thirty  inches,  in  the  fame  proportion  with  the  firft 
fpace -of  the  air,  to  the  total  fpace  it  would  poflefs  in  vacuo . 

The  height  of  the  tube  fhould  rather  be  too  long,  than  too  Ihort  •,  be- 
caufe  if  it  be  too  fhort,  the  mercury  will  be  expell’d  in  part,  and  fo  not 
ihew  all  the  degrees  of  rarifa&ion  *,  but  if  it  be  too  long,  the  mercury 
will  only,  not  reach  to  the  top,  and  fo  the  gage  will,  neverthelefs,  fliew 
all  the  variations,  tho’  they  be  lefs  fenfible. 

But  the  tube  DC,  ought  to  contain  a fufficient  quantity  of  mercury, 
at  the  leaft,  to  fill  the  tube  AB,  before  any  paflage  be  open’d  for  the  air 
included  in  the  tube  ED. 

In  our  engine  to  comprefs  the  air,  A A,  is  a glafs-veflel,  whofe  orifice 
is  exquifltely  fitted  to  the  flat  plate  BB. 

BB,  is 
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BB,  is  a flat  plate  of  bra  is,  made  to  clofe  the  veflel  A A exa&ly. 

CC,  a fmall  tube  of  brafs,  palling  thro*  the  middle  of  the  plate, 
and  fattened  thereto. 

E,  a little  valve,  opening  inwardly,  to  ffiut  the  fmalltubeC. 

F,  the  fpring  deprefiing  the  valve  E. 

GGG,  the  gnomon  fattened  to  the  plate  BB,  made  for  rettraining  the 
fpring  F. 

II,  a fquare  lath,  fuftaining  the  plate  BB,  and  bored  thro’  in  the  mid- 
dle, to  tranfmit  the  little  tube  C. 

LLL,  LLL,  two  iron-wires,  which  patting  thro’  the  holes  in  the  lath 
II,  and  compafling  the  upper  part  of  the  iron-plate  KK,  hinder  the  plate 
from  being  much  moved  from  the  lath. 

KK,  an  iron-plate,  with  a hole  in  the  middle,  formed  into  a female- 
fcrew,  to  receive  the  male- fcrew  MM. 

MM,  an  iron-fcrew,  ftraitly  to  conjoin  the  receiver  A A,  with  the  plate 
BB  ; and  left  the  brafs-veflel  fhould  be  broken,  it  is  proper  to  put  fome 
wood  and  leather  between  the  fcrew,  and  the  upper  part  of  the  receiver  ; 
leather,  alfo,  is  to  be  put  upon  the  plate  BB,  both  to  prevent  the  breaking 
of  theglafs,  and  the  more  exactly  to  ffiut  the  receiver. 

NN,  a pump  fattened  to  the  tube  C,  below  the  plate  BB. 

OO,  the  fucker  of  the  pump  NN. 

P,  a little  hole  in  the  lower  part  of  the  pump,  by  which  the  air  enters 
into  it,  when  the  fucker  is  brought  to  the  loweft  part  thereof. 

To  comprefs  the  air  by  means  of  this  engine,  we  put  the  bodies, 
whereon  the  experiment  is  to  be  made,  into  the  receiver  AA  ; and  laying 
it  on  the  plate  BB,  firmly  bind  it  thereto,  by  help  of  the  fcrew  MM.  This 
done,  the  fucker  or  plug  OO,  is  to  be  drawn,  till  the  external  air,  by  the 
hole  P,  can  fill  all  the  upper  part  of  the  pump  \ then,  if  the  fucker  be 
drawn  upwards,  the  air  finding  no  other  paflage,  will  open  the  valve  E, 
and  enter  into  the  receiver  A A ; from  whence  there  is  no  regrefs,  becaufe 
the  valve  E,  is  prefently  deprefled  by  the  fpring  F,  and  fhuts  the  hole  C. 
And  fowe  may  repeat  the  comprefiionof  the  air  into  the  veflel  A A,  atplea- 
fure  ; whilft  the  quantity  thereof  is  eattly  known  by  the  mercurial  gages. 

But  I fo  faffiion  the  pump,  that  it  may  be  fitted  by  a fcrew,  to  the 
tube  C ; for  thus,  when  one  receiver  is  full,  we  may  take  away  the 
pump,  and  ufe  it  to  fill  others. 

Now,  becaufe  in  thefe  engines,  mercurial  gages  ferve  to  fhew  the  de- 
grees of  compreflion  ; there  is  no  occafion  for  the  gages  before  defcribed  ; 
for  thofeare  made  with  more  difficulty,  and  befides,  afford  but  a fmall 
fpace,  wherein  to  note  the  degrees  of  compreflion.  It  is  therefore,  better 
to  bend  the  glafs-tube,  feal’d  at  one  end,  in  feveral  places,  as  in  the  figure 
T,  that  a long  tube  may  be  contain’d  in  a fhort  receiver  ; fo  that  the 
mercury,  being  put  in  thro’  the  open  end,  as  much  as  will  fuffice  to  fill 
the  length  of  one  inch  *,  all  the  reft  of  the  fpace,  fill’d  with  air,  will  ferve 
for  marking  the  degrees  of  compreflion,  much  more  fenfibly  than  can  be 
done  in  a ffiorter  tube. 

Here 
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Pneumatics  Here  we  mufl  note,  that  when  the  mercury  tends  downwards,  in  fuch 
an  infleded  gage,  the  weight  thereof  forwards  the  external  p re  flu  re  ; but 
when  it  is  impelled  upwards,  the  fame  weight  refills  it:  a difference  to  be 
regarded  in  very  accurate  experiments. 

In  order  to  make  mixtures  in  comprefled  air,  let  the  receiver  be  A A,  in 
or'powdenht  wh*ch  we  would  mix  either  liquors,  or  powders. 

compris'd  air.  Let  QQ^  RR,  be  two  tubes,  each  of  them  feal’d  at  one  end,  and  open 

&£•  I2-  at  the  other. 

Let  RQS,  be  a veflel  of  brafs,  to  be- laid  upon  the  orifice  of  the  tubes 
as  in  the  figure. 

The  liquors  to  be  mixed,  muff  be  poured  into  the  tubes  QQ,  RR,  each 
liquor  in  its  own  tube  ; and  let  the  veflel  RQS,  being  inverted,  be  laid  on 
the  orifices  of  the  tubes  ; and  in  that  polture,  let  all  be  cover’d  with  the  re- 
ceiver A A ; let  the  fcrew  be  driven,  and  the  air  intruded  after  the  manner 
jufl  defcribed  ; and  when  the  gage  XT,  Ihews  that  the  compreffure  is  ar- 
rived at  the  degree  intended,  the  engine  is  to  be  inverted,  and  fo  the  li- 
quors will  flow  down  from  the  tubes  into  the  veflel  RQS,  and  be  mix’d 
there.  If  more  liquors  or  powders  are  to  be  mix’d,  the  number  of  the 
tubes  is  to  be  increas’d  accordingly. 

To  tranffnit  air  out  of  one  receiver  into  another,  we  ufe  the  following 
contrivance. 

AA,  is  a flat  plate  of  metal,  with  a hole  in  the  middle. 

BB,  is  the  flop-cock,  faftened  to  the  hole  in  the  middle  of  the  plate  A A, 
one  of  whofe  ends  is  form’d  into  a male- fcrew. 
pi  n & DC,  is  a copper-funnel,  open  below,  with  a broad  orifice,  (that  it 
74’  ^'  niight  be  eafily  fet  upon  the  pneumatic  engine,  and  there  (land  firm  ;)  and 

Che  upper  part  of  the  orifice  D,  is  fafhion’d  into  a female-fcrew,  to  re- 
ceive the  male-fcrew  of  the  flop-cock  BB. 

EE,  is  a fmall  tube,  open  at  both  ends,  which  are  cut  into  a female- 
fcrew,  to  receive  the  male-fcrew  of  the  flop-cock  BB. 

FF,  is  the  receiver  laid  on  the  plate  A A,  and  exquifitely  fitted  thereto. 

Now  to  make  factitious  air,  we  mufl  put  the  matter  which  is  to  pro- 
duce the  air,  into  the  receiver  FF ; and  placing  that  on  the  plate  AA, 
by  means  of  the  fcrew,  we  ftrongly  fallen  it  thereto,  as  in  our  engine 
for  comprefling  the  air  ; the  flop-cock  BB,  we  infert  into  the  female- 
fcrew  D : then  the  orifice  C,  and  with  it  the  receiver,  is  to  be  placed  up- 
on the  pneumatic-engine,  and  the  flop  cock  B,  being  open’d,  the  air  is  to 
be  ex  traded.  When  the  receiver  FF,  is  emptied  of  air,  the  flop- cock  B, 
is  to  be  Ihut,  that  all  pafiage  to  external  air  into  the  receiver  may  be  de- 
nied ; and  the  flop-cock,  being  taken  out  from  the  female-fcrew  D,  the 
receiver  is  prefen  tly  to  be  immers’d  in  water;  fo  that  at  lead  the  plate 
AA,  with  the  flop-cock,  may  be  cover’d  therewith  : thus  no  air  from 
without  can  find  entrance  ; and  the  air,  produced  out  of  the  matter  in  the 
receiver,  will  be  perferv’d  unmix’d  ; whilft  the  degrees  of  its  rarifadion, 
or  comprefiion,  are  known,  as  thofc  of  common  air. 


To  make  and 
remove  artifi- 
cial air  from 
one  receiver  in- 
to another. 


But 
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But  if  we  would  tranfmit  that  air  into  another  receiver  •,  another  recci-  Pneumatics 
ver  FF,  with  another  plate  A A,  and  a flop-cock  B B,  is  to  be  procured, 
and  evacuated  : then,  by  means  of  the  fmall  tube  E F,  we  join  the  {top-  iS' 
cocks  B B,  of  both  receivers,  when  all  fufpedted  places  are  to  be  flopp’d 
with  cement,  that  no  external  air  may  find  entrance.  Then,  the  flop- 
cocks  being  open’d,  the  air,  produced  in  the  former  receiver,  flows  into 
the  latter  ; and  the  flop-cocks  being  again  fliut,  and  pluck’d  out  from  the 
tube  EE,  the  receivers  may  be  kept  a-part:  when  if  there  be  any  matter 
included  in  the  latter  receiver,  we  may  eafily  view  what  influence  the  fa- 
ctious air  hath  upon  it. 

But,  becaufe  the  mercurial  gages,  lately  defcrib’d,  are  fpoil’d  if  they 
be  inverted,  and  the  crooked  gages  prefently  expel  their  mercury,  if  the 
air  be  rarify’d  in  their  receivers  ; and,  fince  the  operation,  here  defcrib’d, 
cannot  be  perfe<5led,  but  both  receivers  mufl  be  inverted,  and  both,  like- 
wife,  emptied  of  air ; gages  of  another  fore  are  to  be  made,  after  the 
manner  following. 

A A,  is  a glafs  vial,  fill’d  with  mercury  to  the  fuperficies  DD.  Fig.  76. 

BB,  is  a glafs  tube,  very  well  cemented,  in  the  orifice  of  the  vial. 

CC,  is  another  tube  tranfmitted  thro’  the  tube  BB,  and  reaching  to  the 
bottom  of  the  glafs.  This  tube  mufl  befeal’d  above,  and  open  below ; 
neither  mufl  it  fo  exactly  fill  the  tubeBB,  but  that  paflage  may  be  given  to 
the  external  air,  within  the  glafs  A A. 

If  this  inflrument  be  put  into  a receiver,  from  which,  the  air  mufl  be, 
afterwards,  extradled,  both  tubes  will  be  exhaufled  of  air ; and,  when 
you  invert  the  receiver,  to  take  in  new  air  *,  as  in  Fig.  74.  the  mercury  will 
flow  down  to  the  orifices  of  the  vial,  and  be  there  kept,  below  the  orifice 
of  the  tube  BB  5 when  the  new  air  entring,  will  eafily  fill  both  tubes,  and 
the  vial:  then,  the  receiver  being  ere£led,  the  mercury  will  again  refl,  in 
the  bottom  of  the  vial,  and  the  orifice  of  the  tube  CC,  will  be  plunged  in 
it.  And,  if  any  air  be  produc’d,  out  of  the  bodies  included  in  the  fame 
receiver,  the  mercury  will  afeend  into  the  tube  CC,  and  there,  reducing 
the  air  into  a narrower  fpace,  fhew  the  degrees  of  compreftion. 

The  inflrument  wherewith  we  filtred  air  thro’ water,  was  thus  cOntri-  Fo  filter  air 

ve(^  tbr<?  water, 

AA,  is  a glafs  receiver,  whofe  orifice,  laid  upon  the  plate  BB,  agrees 
exquifitely  therewith. 

BB,  is  a plain  plate  with  a hole  in  the  middle,  to  tranfmit  the  tubes,  Fi  77 
CC,  DD.  . 


CC,  DD,  are  two  tubes,  cemented  to  the  plate  BB  ; one  of  which  is  no 
higher  than  the  plate,  but  the  other  reacheth  almofl  to  the  top  of  the  recei- 
ver. 

EEEE,  is  a flop-cock,  to  whofe  holes  the  extremities  of  the  tubes, 
CC,  DD,  are  faftened. 

FJF,  is  the  key  of  the  ft  op- cock  unperforated,  wherein  is  only  one  chink 
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Fig.  78. 


Hoio  to  c on- 
denfe  and  rati- 
fy t bn  fame 
parcel  of  air . 

Fig.  79. 


A wind-gun . 
Fig . 80. 


HH,  is  the  receiver,  eompafling  the  end  of  the  flop-cock,  and  fatten'd 
to  it,  preventing  the  entrance  of  the  outward  air,  and  communicating 
with  the  pump  II. 

LL,  is  a glafs  veffel. 

M,  is  a hole  in  the  top  of  the  receiver,  whofe  ftopple  is  fattened  with  a 
fcrew. 

The  next  figure  exhibits  a flop- cock,  cuttranfverfly,  that  the  two  tubes 
CC,  DD,  may  be  the  better  dittinguifh’d,  and  their  infertion  into  the 
flop  cock  be  perceived. 

This  inftrument  is  thus  to  be  ufed  : we  put  the  thing  about  which  the 
experiment  is  to  be  made,  into  the  veffel  *,  and  the  receiver  A A,  being  laid 
on  the  plate  BB,  we  pour  water  into  the  hole  M,  till  the  receiver  be  a- 
bout  half  full,  and  the  veffel  LL,  with  the  matter  contain’d  therein,  fwims 
on  the  top  thereof;  then  we  flop  the  hole  exadlly,  and  fatten  it  with  a 
fcrew.  The  key  is  afterwards  to  be  fet  fo,  that  the  chink  GG,  may  com- 
municate with  the  tube  CC;  then  the  plug  being  brought  to  the  loweft 
part  of  the  pump,  the  air  of  the  receiver  A A,  entring  through  the  upper 
orifice  of  the  tube  CC,  will  flow  down  thro’ the  chink  GG,  into  the  re- 
ceiver HH,  and  into  the  pump.  Then  the  key  being  inverted,  fo  that  the 
chink  GG,  may  anfwer  to  the  infertion  of  the  tube  DD,  the  plug  is  to  be 
impelled  upwards;  when  the  air  v/ill  be  expelled  from  thence,  and,  find- 
ing no  other  pafiage,  be  driving  through  the  chink  GG,  into  the  tube  DD  v 
and  from  thence  it  will  emerge  to  the  upper  part  through  the  water  ftag- 
nant  in  the  receiver.  And  by  repeating  this  procefs,  we  ftrain  the  air 
thro’  the  water,  as  often  as  we  pleafe ; and  thence  know  whether  it  acquires 
any  new  qualities,  in  refpeitt  of  the  body  included  with  it. 

Let  the  receiver  A A be  placed  upon  the  plate  BB,  and  ferewed  on  to 
it. 

CC,  is  the  flop-cock,  fatten’d  to  the  hole  in  the  midtt  of  the  plate  BB. 

DD,  is  a pump  joined  to  the  flop- cock  C,.  with  a fcrew. 

E,  is  a veffel,  fo  large,  that  it  may  fludluate  in  the  receiver  AA,  with- 
out danger  of  being  overturn’d. 

Let  fome  animal  be  put  into  the  veffel  E,  and  let  the  receiver  A A,  be 
put  upon  it,  and  ferewed  to  it,  as  the  figure  fhews.  Then  let  the  pump 
be  fill’d  with  water,  and,  by  a fcrew,  be  fitted  to  the  flop-cock;  theXop- 
cock,  being  then  open’d,  let  the  plug  C,  be  forced  upwaTds*  and  the, 
water  attending  thro’  the  flop-cock  will,  in  part,  fill  the  receiver  AA, 
and  reduce  the  air,  contain’d  therein,  into  a narrower  fpace,  without  any 
addition  of  the  new  air:  if,  then,  you  draw  the  plug  downwards,  the  fame 
numerical  air  will  be  again  rarified.  Thus  you  may  both  condenfe  and 
rarify  the  fame  air  as  often  as  you  pleafe;  and,  by  this  means,  you  may 
find,  whether  the  condenfation  of  the  air  contributes  to  prolong  the  life  or 
health  of  animals. 

In  our  wind-gun  A A,  is  a hollow  copper  globe. 

BB,  a tube,  fattened  to  the  globe. 

F,  a valve  opening  inwardly,  and  fhutting  the  tube  BB. 


G,  the 
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G,  thefpring  depreftlng  the  valve. 

H,  a gnomon  affixed  to  the  globe  A A,  and  making  faft  the  ipring  G. 

CC,  a tube  of  iron,  fattened  to  the  tube  BB,  and  the  globe  AA. 

DD,  a plug  exactly  fitted  to  the  tube. 

EEE,  another  plug  fitted  alfo  to  the  tube  BB,  with  an  iron  wire,  reach- 
ing almoft  to  the  valve  F. 

R,  the  protuberance  of  the  tube  CC,  fomewhat  hollowed  above,  to  re- 
ceive the  end  of  the  iron  LL. 

LL,  a crooked  iron,  moveable  about  the  extremity  in  R,  fo  that  it 
fervesas  a lever  to  Jift  up  the  plug. 

OPO,  a crooked  iron,  fattened  in  M,  that  the  thumb  retting  in  the  an- 
gle P,  the  reft  of  the  fingers  may  attract  the  lever  L,  and  lb  force  the 
plug  EEE,  upwards.  But  the  curvature  is  defign’d,  that  the  one  end  O, 
might  be  applied  to  the  fhoulder,  in  aiming  at  a mark. 

TT,  a redtangular  piece  of  iron,  compafting  the  lever  LL  and  the  iron 
OPO,  to  keep  the  lever  in  its  pofture  ; for  otherwife,  the  plug  EEE, 
would  be  thruft  far  out,  whilft  the  air  is  intruded  into  the  globe  A A. 

II,  an  elliptic  hole,  in  the  upper  part  of  the  globe,  very  well  fhut  with 
a valve,  opening  inwardly,  to  give  liberty  of  infpedlion,  and  of  amending 
whatisamifs;  for  the  valve  may  be  drawn  through  the  hole,  by  reafon 
of  its  elliptic  figure. 

SS,  a metalline  plate  tranfverfly  placed  above  the  hole  II,  and  perfo- 
rated to  tranfmit  the  fcrew  V,  by  help  whereof  the  valve,  (hutting  the 
hole  II,  is  fuftained,  and  applied  clofely  to  it. 

Q,  a hole  in  the  lower  part  of  the  tube  CC,  by  which  the  air  enters  in- 
to the  tube,  whilft  the  plug  D,  is  brought  to  the  lowed  part  thereof. 

The  air  is  forced  into  this  engine,  by  fetting  the  foot  upon  the  crook- 
ed end  of  the  plug  DD,  that  it  may  not  be  removed  from  the  ground, 
and  lifting  the  engine  upward,  till  the  upper  part  of  the  plug  comes  be- 
low the  hole  Qj  and  then  the  air  entring  through  the  hole,  wholly  fills 
the  tube  CC. 

Then, by  forcibly  deprefling  the  engine,  the  air  contained  in  the  tube  CC, 
opens  the  valve  F,  and  is  thruft  into  the  globe  A A ; whence  it  cannot  re- 
turn, becaufe  the  valve  prefently  flops  the  paflage  : and  thus  by  repeated 
ftrokes,  we  may  condenfe  the  air  in  the  globe,  till  the  force  of  its  fpring 
cannot  be  overcome  by  our  ftrength. 

If  we  would  difcharge  the  air  fo  condenfed,  the  plug  DD,  is  wholly  to 
be  drawn  out,  and  a bullet  to  be  put  into  the  bottom  of  the  tube  CC  ; 
then,  by  means  of  the  lever  LLL,  the  plug  EEE, is  to  be  imped’d  upward, 
as  we  faid  before,  when  the  extremity  of  the  iron- wire,  opens  the  valve 
B,  and  the  air  breaking  out  therefrom,  expels  the  bullet  through  the 
tube  CC,  with  great  violence. 

But  before  the  plug  DD,  is  again  put  into  the  tube  CC,  for  the  com- 
preflion  of  the  air,  about  half  an  ounce  of  water  is  to  be  pour’d  into  the 
tube.  For  by  this  means,  no  air  at  all  can  efcape  out  by  the  plug  *,  and 
moreover,  that  water  exa&ly  filling  the  upper  part  of  the  tube  CC,  the 
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whole  comprefied  air  will  be  intruded  within  the  cavity  A A, and  fo  the  con- 
lr^-/  denfation  be  perfe&ed  much  fooner,  than  if  at  every  turn,  part  of  the 
comprefs’d  air  remain’d  below  the  valve  F. 

I his  engine  has  feveral  advantages  above  the  common  wind-guns.  j.  Be- 
caufe  one  valve  ferves  both  for  the  letting  in,  and  difcharing  the  air  ; 
whence  it  is  lefs  fubjedt  to  be  Ipoiled,  or  impaired,  than  if  two  valves 
were  ufed  for  that  purpofe.  2.  If  any  diforder  happen  in  other  guns, 
they  remain  ufelefs  *,  but  here,  by  the  elliptic  hole,  we  may  take  out  the 
fpring  and  the  valve,  and  fo  mend  whatever  is  amils.  3,  -In  other  guns, 
the  valves  being  coher’d  with  leather,  are  putin,  before  the  engine  is  do- 
led on  every  fide  ; and  therefore  filver-folder  could  not  be  ufed  in  join- 
ing the  parts,  but  only  lead-folder,  by  which  the  air,  being  much  com- 
preffed,  could  by  no  means  be  reftrained  i but  here  all  things  are  well 
cemented  with  filver-folder,  without  danger  of  burning  ; fince  the  valve 
cover’d  with  leather,  is  put  in  afterwards  thro’  the  elliptic  hole  II.  4.  But 
this  engine  is  chiefly  to  be  preferred  before  others,  becaufe  here  we  can 
put  feveral  bodies  into  the  receiver,  through  the  elliptic  hole,  and  fo  make 
many  experiments  in  highly  comprefied  air. 

An  engine  Wealfo  contrived  an  engine,  which  fhould  diftil  in  vacuo , thus. 
li/ffinvLuo.  lS  ? kra^s  veflel  fhut  below,  and  open  above. 

Fig.  8] . BB,  a diaphragm  of  tin,  whofe  edges  are  fo  polifh’d  on  both  Tides, 

•that  they  exquifitely  agree  and  fuit  with  the  edges  of  the  veflels  A A,  DD* 
which  are  alfo  poli (lied,  and  fo  keep  out  the  external  air. 

CC,  a tube  fatten’d  to  a hole  in  the  middle  of  the  diaphragm  BB. 

DD,  a brafs  veflel,  whofe  aperture  is  applied  to  the  diaphragm  BB. 

FF,  a ftop-cock  fattened  to  the  hole  of  the  diaphragm  BB. 
r FF,  a tube  reaching  from  the  ftop-cock  EE,  to  the  hole  made  for  fu- 
sion in  the  pneumatic  engine. 

GG,  a metalline  veflel,  including  the  junctures  of  the  veflels  with  the 
diaphragm,  and  alfo  the  ftop-cock,  that  being  filled  with  water,  it  may 
keep  all  fa fe  from  the  external  air.  This  is  to  be  folder’d  to  the  veflel  AA. 

1 o ufe  this  engine,  we  take  away  the  diaphragm  BB,  and  put  the  in- 
gredients into  the  veflel  A A,  and  fet  it  in  a convenient  place,  till  it  is  to 
be  evacuated  *,  then  putting  on  the  diaphragm  BB,  and  the  veflel  DD,  we 
apply  all  to  the  pneumatic  engine,  and  by  means  of  the  tube  FF,  the  air  is 
pumped  out  of  the  veflels,  the  veffel  GG  being  yet  firft  filled  with  water. 
1 hen  the  ftop-cock  is  fhut ; and  taking  away  the  tube  FF,  we  may  place 
the  evacuated  engine  on  the  fire,  when  the  vapours,  attending  throughthe 
tube  CC,  are  condenfed  in  the  upper  veflel,  and  fo  we  have  a liquor  di- 
ftilled  in  vacuo . The  quantity  of  the  generated  air,  is  known  by  the 
mercurial  gage  H •,  but  that  muft  be  kept  in  the  top  of  the  receiver,  left 
the  mercury  exhale,  by  reafon  of  the  heat. 

Round  pieces  of  paper,  perforated  in  the  middle,  are  to  be  laid  over  the 
orifices  of  the  veflels  A A,  DD,  that  they  may  be  the  better  joined  with 
the  diaphragm  ; the  commiflures  of  the  tube  FF,  with  the  ftop-cock,  and 
pneumatic  engine,  are  to  be  fortified  with  cement  j and  the  ftop-cock  EE, 
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js  To  to  be  difpofed  with  the  veffel  G G,  that  part  of  the  key  may  be  pro- 
minent, without  the  vefiel,  thro’  the  hole,  to  be  conveniently  .turned  ; ne- 
verthelefs,  the  flop-cock,  with  the  diaphragm,  may  be  taken  out  of  the 
vefTel  G G,  whilft  the  vefiel  A A,  is  to  be  filled  with  the  defigned  matter. 
And  that  is  very  eafily  done,  becaufe  the  key  confifts  of  two  parts,  one  of 
which  M,  is  turned  in  the  flop-cock  itfelf,  by  means  pf  a certain  chink, 
which  receives  the  fmall  protuberance  of  the  other  part  O O,  that  exactly 
fills  the  fmall  pipe  N N,  fatten’d  to  the  vefiel  GG  ; and  being  prominent 
outwardly,  may  .eafily  be  turned  in  it,  and  communicate  its  motions  to 
the  other  part  M ; but  it  is  drawn  outward,,  whilft  the  diaphragm  B B is 
to  be  taken  out  of  the  vefiel  G G. 

Fig.  82.  fhews  another  inftrument,  differing  from  the  former,  in  that  it 
almoft  wholly  confifts  of  glafs,  and  affords  a .longer  .paflage  for  the  va- 
pours. 

B B,  is  not  a diaphragm,  but  a fmall  tube,  poliffied  at  both  ends,  that 
it  may  exquifitely  fuit  with  the  orifices  of  the  veffels  A and  D. 

A A,  DD,  are  two  glafs  veflels,whofe  orifices  are  applied  to  the  tube  BB, 
whence  the  vapours  are  eafily  tranfmitted  from  the  one  to  the  other. 

EE,  FF,_GG,  and  I,  have  the  fame  ufe  as  in  the  former  figure  *,  and  the 
whole  inftrument  is  to  be  evacuated  after  the  fame  manner,  and  plac’d  up- 
on the  fire  *,  except  that  here  the  vefiel  A A,  as  being  made  of  glafs,  mutt 
not  be  put  on  an  open  fire,  but  let  in  balneo  Maria,  or  on  fand  ; and  the 
vapours  will  be  condenfed  in  the  vefiel  DD. 

(1.)  July  1 1.  1676.  I included  a little  piece  of  bread,  very  moift,  and 
a little  kneaded,  with  a mercurial  gage,  in  vacuo . 

July  12.  In  fix  hours  time,  no  air  was  produc’d  yefterday  *,  but  this 
night  a little  broke  into  the  receiver,  and  fuftain’d  3 inches  of  mercury  ; 
for  I had  neglected  to  fortify  the  cover  with  turpentine. 

Towards  the  evening  I found  the  mercury  higher  by  about  an  inch,  and 
am  very  certain  that  nothing  had  enter’d  from  without. 

July  13.  This  night  alfo  the  mercury  attended  higher,  but  my  gage 
was  not  exaft  enough  to  difeover  how  many  degrees. 

July  16.  The  bread  disjoin’d  its  receiver  from  the  cover,  by  the  force 
the  air  produced,  and  the  lmell  of  it  was  acid. 

Hence  it  follows,  that  water  is  a fit  menftruum  to  draw  air  out  of  bread. 

(2.)  July  1 1.  I try’d  to  extract  air  from  bread  by  the  help  of  a burning- 
glafs,  wherewith  I burnt  bread  in  vacuo,  and  found  it  generate  much  air, 
which,  ever  and  anon,  broke  out,as  by  fulmination  *,  whence  it  feems  pro- 
bable, that  air  is  contain’d  in  bread,  but  fo  clofely  compacted  therein, 
that  no  eafy  operation  can  give  it  vent ; but  that  if  any  thing  could  dif- 
folve  and  loofe  that  knot,  it  may  then  produce  great  eftefls. 

(3.)  Sep.  22.  I took  8 ounces  of  dry’d  grapes,  and  with  7 ounces  of 
water,  included  them  in  a receiver,  able  to  hold  22  ounces  of  water.  The 
grapes  were  bruifed. 

Sept.  23.  The  receiver  lay  bury’d  under  the  water  all  this  night,  yet  the 
mercury  attended  two  whole  inches. 
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teen  indues. 

Oftob.  5.  In  five  days  more  the  mercury  attended  12  inches,  and  was 
now  25  inches  high. 

Oftob.  18.  The  mercury  continu’d  not  to  attend  with  the  fame  fwift- 
nefs,  and  the  air  began  to  pafs  out  of  the  receiver  but  not  before  this 
day  ; yet  thefe  grapes  produc’d  much  more  air,  than  thofe  which  I inclu- 
ded without  water. 

From  raifins.  (4-)  Juh  12.  I included  10  ounces  of  raifins  of  the  fun,  bruifed  in  vacuo, 
with  a fufficient  quantity  of  water,  to  promote  fermentation. 

July  14.  In  two  days  they  had  produc’d  ten  inches  of  air. 

About  evening  the  mercury  was  15  inches  high  ; the  1 5th  day  the  mer- 
cury had  almpft  reach’d  to  its  a ecu  Hom’d  height. 

July  16.  In  the  morning  I found  the  receiver  fever’d  from  its  cover  ; 
and  the  air  breaking  out  thro’  the  water,  in  which  it  was  plunged,  I inclu- 
ded the  fame  raifins  again  in  vacuo. 

July  18.  This  day,  in  the  morning,  I found  the  air  again  breaking 
out. 

July  19.  I fhut  up  the  fame  raifins  in  the  fame  empty  receiver. 

July  21.  This  day  I found  the  receiver  full,  and  the  air  breaking  out 
of  it. 

I again  fhut  up  the  fame  raifins  in  the  fame  exhaufted  receiver. 

July  23.  Yefterday,  about  noon,  I found  the  whole  receiver  almoft  full 
of  air  ; and  this  day,  in  the  morning,  perceiv’d  it  to  pafs  out  very  often. 

It  appears  then,  that  grapes  without  water,  can  generate  but  little  air  ; 
whence  it  is  manifeft,  that  water  is  a fit  medium  to  draw  air  out  of  them  ; 
it  is  alfo  evident,  that  the  production  of  air  is  not  begun  prefently  upon 
the  affufion  of  water,  but  proceeds  with  greater  fwiftnefs,  after  the  parts 
of  the  water,  in  5 or  6 days  time,  have  more  deeply  funk  into,  and  per- 
vaded the  grapes. 

From  plumbs..  (5.)  dug.  13.  1677.  I included  pears  in  two  exhaufted  receivers,  and 

• plumbs  in  another. 

dug.  1 6.  In  three  days  time  all  my  receivers  were  fill’d  with  air,  newly 
generated  ; and  one  of  them,  which  included  the  pears,  becaufe  I had  left 
it  expofed  to  the  fun,  was,  in  the  fpace  of  24  hours,  feparated  from  its 
cover  ; whence  we  may  conjecture,  that  the  production  of  air  is  very 
much  promoted  by  the  heat  of  the  fun. 

From  grapes.  (6.)  Oftcb.  16.  1677.  1 took  two  ounces  of  grapes  bruifed,  and  fecur’d 
them  from  the  air,  in  an  exhaufted  receiver,  capable  of  containing  20 
ounces  of  water. 

Offob.  17.  The  mercury  rofe  higher  about  one  half  inch. 

Gttob.  18.  Thefe  laft  24  hours,  the  mercury  ran  up  about  another 
chalf  inch. 

Ottob.  20.  The  height  of  the  mercury  was  two  inches. 

On  the  2 id  it  was  almoft  4.  And  on  the  27th  it  was  almoft  fix 
inches. 

Jan. 


days  time  the  mercury  rofe  to  the  height  of  thir- 
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Jan. 2.  1678.  The  mercury,  yet,  afcended  not  to  the  height  of  ten  Pneumatic* 
inches. 

Offob.  1 6.  1677.  I put  three  ounces  of  bruis’d  grapes,  with  half  an 
ounce  of  fpirit  of  wine,  into  a receiver,  able  to  hold  thirty  ounces  of 
water  ; and  then  I exhaufted  the  air. 

Ocf'ob.  1 7.  The  mercury  afcended  but  a very  little. 

Otiob.  1 8.  The  mercury  came  not  up  to  the  height  of  one  quarter  of  an 
inch.  ' ' ^ 

Ofiob.  20.  The  mercurial  gage  was  out  of  order. 

Jan.  2.  1678.  I,  this  day,  found  my  receiver  fill’d  with  air  ; and,  ajfo* 
when  part  of  the  liquor  was  pour’d  out,  fome  bubbles  were  form’d  in 
the  turpentine,  about  the  orifice,  and  broke  outwardly. 

From  this  experiment,  made  in  two  receivers  together,  it  feems  to  fol- 
low, that  fpirit  of  wine  much  advances  the  production  of  air  in  vacuo  ; 
tho’,  in  common  air,  it  wholly  hinders  it. 

(7.)  July  19.  1678.  I put  muft,  exprefs’d  from  grapes  bruis’d,  and  kept  Frommvjl , 
for  ten  months  in  a vefiel,  ftopt  with  a ferew,  into  the  fame  receiver,  be- 
ing alfo  ftopt  with  a ferew. 

July  21.  The  mercury  had  not  afcended  at  all. 

23d.  The  height  of  it  was  three. 

24 th.  The  height  was  five. 

2 5th.  In  the  morning  it  was  an  hundred  and  four. 

Towards  the  evening,  the  height  was  an  hundred  and  thirty  feven  ; and 
the  muft  got  out. 

2 6th.  The  muft  was  almoft  all  got  out  of  the  receiver  ; and  altho’  the 
air  now  pofiefied  double  the  fpace  it  did  yefterday,  yet  it  kept  up  the  mer- 
cury to  the  fame  height. 

2 yth.  About  half  of  the  remaining  muft  broke  out  this  night,  becaufe 
1 had  omitted  to  fet  the  ferew,  left  the  receiver  fhould  be  broken. 

From  this  experiment,  it  follows,  that  grapes,  kept  fpr fo  long  a time,* 
rather  acquire,  than  lofe  a fermentative  virtue.  I . v 

(8.)  Jan . 30.  I put  two  quantities  of  apples,  boil’d  the  day  before,  into  From  apples, 
two  receivers,  ftopt  with  ferews ; with  one  of  them  I mix’d  a third  part  of 
fugar,  the  other  had  no  fugar  at  all.  Thefe  receivers  were  quite  full. 

Jan.  3 1-  I included  raw  apples,  bruis’d,  in  three  receivers  *,i  iiv one  of 
them  I mix’d  a third  part  of  fugar  •,  the  fecond  was  without; fugar,  and  fo 
was  the  third  ; but  it  differed  herein  from  the  fecond,  that  ir  was  fix  times 
as  big  *,  for,  by  this  means,  we  may  know,  whether  the  capacity,  of  the 
vefiel,  or,  the  mixing  of  fugar,  or  the  crudity  of  the  fruit,  can  pro- 
mote, or  retard  the  production  of  air. 

Febr.  10.  In  that  receiver  only,  which  contain’d  the  raw  apples,  with 
fugar,  fome  air  was  produc’d. 

Febr.  14.  The  raw  apples,  with  fugar,  had  impell’d  the  mercury  up  to 
thirty  inches  ; thofe  that  were  boil’d  with  fugar,  to  two  only  *,  in  the 
other  receivers  no  air  was  produc’d. 
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Febr . 1 8.  In  the  receiver,  containing  the  raw  apples,  with  iugar,  the 
mercury  came  to  the  height  of  fifty- fix  inches;  in  that  containing  the  boil’d 
apples  with  fugar,  the  height  was  three  : in  the  other  receivers,  there  was, 
alfo,  fome  air  produced,  except  in  that  wherein  the  boiled  apples,  without 
fugar,  were  put.  I open’d  that  receiver,  in  which  the  apples  had  produced 
fo  great  a quantity  of  air  ; yet  the  apples  feem’d  hardly  to  be  fermented, 
but  had  a moil  pleafant  tafte. 

Febr.  21.  The  boil’d  apples,  without  fugar,  had  loft  fome  of  their 
juice  •,  and,  opening  the  receiver,  I found  the  cover  broke,  and  yet  the 
apples  were  not  at  all  rotten. 

March  1.  In  the  great  receiver,  containing  the  raw  apples,  the  mercury 
was  twenty-five  inches  high  ; in  the  little  one,  only  leven:  but  in  that 
Where  were  the  apples  boil’d  with  fugar,  the  mercury  had  afcended  to  nine 
inches. 

March  8.  In  the  great  receiver,  the  height  of  the  mercury  was  twen- 
ty-nine ; in  the  leffer,  twenty- two  and  a half ; and  where  the  boil’d  apples 
with  fugar  were,  the  altitude  was  nine  inches. 

March  17.  The  juice  got  out  of  the  great  receiver  ; in  the  little  one,  the 
height  was  fixty-feven  ; where  were  the  apples  boil’d  with  fugar,  it  was 
fifteen  inches. 

From  this  experiment  it  feems,  that  fugar,  the  crudity  of  the  fruit, 
and  the  largenefs  of  the  receiver,  all  contribute  to  the  production  of  air. 

(9,)  December  21.  1678.  I made  pafte  of  wheat-flower,  without  leaven, 
and  put  it  into  an  exhaufted  receiver  ; then  I put  the  receiver  in  an  apart- 
ment, with  a fire,  which  there  kept  a greater  heat  than  is  ufual  in  the  mid- 
dle of  futnmer  •,  yet  the  pafte  produced  no  air  in  ten  hours  fpace  : whence 
it  feems  to  follow,  that  if  dough  hath  once  fuller’d  too  much  cold,  it  can 
fcarce  recover  its  faculty  of  fermenting  ; for,  fome  years  ago,  when 
I made  dough  without  leaven,  in  the  fummer  time,  it  foon  produced  very 
much  air  in  vacuo . 

(10.)  May  23.  I included  three  ounces  of  dough,  kneaded  with  leaven, 
in  a receiver,  capable  of  holding  fifty  ounces  of  water  *,  I alfo  pour’d  up- 
on it  fome  quantity  of  fpirit  of  wine,  to  try  whether  fermentation  would 
be  hinder’d  by  that  means. 


May  24*  The  mercury  was  three 
inches  high. 

2$.  Little  change. 

£7.  No  change. 


May  29.  No  change. 

June  2.  It  feem’d  to  have  afcended 
a little  higher. 

14.  No  change. 


December  14.  No  more  air  being  produced  from  the  dough,  I took  it 
out  of  the  receiver,  and  found  the  fmell  of  it  not  grateful,  but  inclining 
to  acid : I put  it  into  an  empty  receiver,  and  there  it  fwell’d  to  double  its 
ufual  fpace,  and  made  a little  ebullition. 

May  23.  1 included  three  ounces  of  dough,  kneaded  with  leaven,  in  a 
receiver,  able  to  hold  fifty  ounces  of  water;  but  here  I mixed  no  fpirit 
of  wine. 
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May  24.  The  mercury  was  nineteen  1 May  26.  ’Twas38  inches  high, 
inches  and  a half  high.  | 27.  There  was  no  change. 

December  14.  The  mercury  continued  at  the  fame  height  ; and  this  day 
opening  the  receiver,  I found  the  dough  had  a very  acid  fmell. 

From  this  experiment  it  ieems  to  follow,  thatfpiritof  wine,  even  in 
dough  kneaded  with  leaven,  hinders  the  production  of  air. 

(1 1.)  Jnguft  29.  I included  pears,  with  a mercurial  gage,  in  a receiver IfJ  pearft 
full  of  water,  and  then  intruded  air  into  it,  till  the  mercury  relied  twenty- 
fix  inches  higher  than  ufual  ; within  a quarter  of  an  hour,  one  of  the 
pears  was  broken,  and  afterwards,  almoll  all  of  it  reduced  to  pulp. 

Jug.  30.  In  twenty-four  hours  fpace,  the  pears  feem’d  to  have  afforded 
no  air  ; but  on  the  contrary,  the  mercury  in  the  gage  was  deprelfed  an 
inch  and  a half. 

Jug.  3 1.  I found  no  change  in  the  height  of  the  mercury. 

Sep.  1.  The  pears  began  to  produce  air,  and  the  mercury  was  almoll 
twenty -feven  inches  high. 

Sept.  2.  In  twenty-four  hours  time,  the  mercury  afcended  more  than 
eight  inches  *,  and  now  ’twas  thirty-five  inches  high. 

Sept.  3.  The  height  of  the  mercury  was  increafed  feven  teen  inches;  fo 
that  now  it  was  about  fifty-two  inches  high. 

Sept.  4.  Within  twenty-four  hours,  the  mercury  rofe  feven  inches  high- 
er, and  then  relied  at  fifty-nine. 

Sept.  5.  It  was  fixty-four  inches  high  ; and  a pear  being  broken,  was 
become  black. 

Sept.  6.  Three  inches  and  more,  being  added  to  the  height  of  the  mer- 
cury, itcamenowto  fixty-feven  inches,  and  one  fourth,  beyond  what  it 
was  accullom’d. 

Sept . 7.  It  defcended  three  inches,  and  refted  again  at  fixty-four. 

Sept.  8.  The  mercury  was  deprelfed  to  fifty-eight  inches  *,  and  fome  of 
the  water  having  broke  out,  I fet  the  receiver  with  a fcrew. 

Sept.  9.  The  mercury  afcended  full  three  inches,  and  was  now  fuf- 
pended  above  fixty-feven. 

Sept.  .10.  In  twenty -four  hours  it  mounted  one  and  a half,  and  flopp’d 
almoll  at  fixty-nine. 

Sept . 11.  Now  it  began  to  defcend  again,  and  Hood  no  higher  than 
fixty-feven  inches  ; yet  I am  certain,  nothing  had  efcaped  out  of  the  re- 
ceiver *,  but  it  was  a lharp  cold  night. 

Sept.  12.  No  change  happen’d. 

Sept.  13.  The  height  of  the  mercury  again  decreafed,  and  it  was  not 
above  fixty-four  inches.  The  cold  increafed. 

Sept.  14.  In  twenty-four  hours  it  became  higher  by  fix  inches,  reaching 


to  feventy. 

Sep.  1 6. 

19 

O Slob.  1. 

y 0 1. 


23' 


It  was  about  fixty-nine 
inches  high. 

It  remained  the  fame. 

It  came  to  the  height  of  feventy-five  inches. 
It.  Dddd 


Sept.  20.  It  again  afcended  to  71. 


The  mercury  was  again 
deprelfed  to  fixty-nine. 


OS! ok 


57° 
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OElob.  3.  Yefterday  I found  no  change  at  all  in  the  mercury  ; but  to-day 
it  refted  at  feventy  *,  and  the  cold  was  very  fevere. 

Oclob.  5.  Yefterday  the  mercury  remained  in  the  fame  place  ; but  this 
day  it  reach’d  to  feventy-five.  It  was.  a rainy  day. 

Oclob.  7.  It  continu’d  rainy  •>  and  the  mercury  continued  at  the  fame 
height. 

OElob.  10.  Hitherto  the  mercury  was  not  changed  *,  but  this  day  I found 
it  had  defeended  to  fixty-nine  inches  ; tho’  the  rain  ceas'd  not. 

OElob.  12.  Yefterday  the  mercury  ftood  ft  ill  •,  but  this  day  it  was  de- 
prefs’d  to  fixty-five  inches ; and  the  cold  weather  return’d. 


OElob . 13.  The  height  of  the 
mercury  was  fixty  four. 

14. V The  height  c fixty-nine. 

1 5.  S was  tfeventy-four. 

24.  The  height  was  fixty-eight. 

It  was  a cold  fea- 
fon. 

Nov.  2.  The  height  was  fixty-four. 
The  cold  increas’d. 

From  this  experiment  v/e  may  learn 


In  fajle  again 


Nov.  5.  The  height  was  eighty  and 
a half.  The  cold  abated. 
22.  The  height  was  fixty-five. 

It  was  a hard  froft. 

27.  The  height  was  fixty-eigfit: 
It  thaw’d. 

Becemb.6.  The  height  wasfixty-one. 

It  was  a very  fevere 
froft. 

, that  fruits,  in  a great  compref- 
fure  of  the  air,  cannot  produce  fo  great  a quantity  of  air  ; for  when  I made 
nn  eftimate  of  the  quantity  of  the  fruits,  and  of  the  fmall  fpace  to  be 
fill’d  with  air*,  I found  that  quantity  of  air  was  not  one  eighth  part  of  what 
had  been  produced  in  a large  empty  receiver  : tho*  the  coldnefs  of  the  water 
might  alfo,  hinder  the  generation  thereof,  as  the  following  experiment 
will  fhew. 

’Tis  farther  manifeft,  that  the  air  is  produced  by  ftarts,  and  as  it  were, 
by  reciprocations  ; as  all  bodies  in  motion,  by  the  force  of  their  gra- 
vity, or  of  their  fpring,  are  carried  beyond  their  point  of  reft,  and  fo 
make  many  vibrations,  or  returnings.  And  tho*  cold  and  heat  are  not  the 
foie  caufes  of  fuch  reciprocations,  yet  they  feem  to  contribute  much 
thereto. 

. (12.)  Feb.  22.  1677.  I included  ten  ounces  of  pafte  in  a receiver,  that 

would  hold  twenty-two  ounces  of  water;  and  afterwards,  I thruft  as 
much  air  into  it,  as  fufficed  to  fuftain  feventy- three  inches  of  mercury 
befiaes  the  wonted  prefture.  In  two  hours  fpace  I perceived  no  fenfible 
change. 

Febr.  23.  In  eighteen  hours  time,  the  mercury  rofe  feven  inches  only, 
its  height  being  eighty. 

In  fix  hours  it  afcended  three  ; and  its  height  waseighty-three. 


Febr 


Its  height  i 
was 


90 

97 

101 

05 

071 

2 


> 10 

Is 


And  water  feem’d  to  be  exprefs’d 
out  of  the  mafs. 


March  2 

3 

4^5 


Its  height  was 

It  remain’d  at  121. 

March 


Phyfico-mechanical  Experiments.  571 

March  8.  During  theft  two  or  three  laft  days,  the  froft  breaking,  the  Pn^Tics 
mercury  ran  up  4 inches  ; and  the  height  thereof  was  125. 

March  10.  Yefterday  the  mercury  remain’d  at  the  fame  height,  but 
this  day  mounting  6 inches,  it  refted  at  13 1. 

March  2 i.  The  cold  continuing  long,  no  air  was  produc’d  *,  but  in  the 
three  laft  days  the  mercury  afcended  7 inches,  and  remain’d  at  138. 

April  4.  Yefterday  the  mercury  had  afcended,  but  I deferr’d  meafuring 
the  quantity  till  to-day  ; in  the  night  one  of  the  iron  wyres,  that  ftrait- 
en’d  the  receiver,  was  broken,  and  the  receiver  thrown  to  the  diftance 
of  4 or  5 foot. 

Hence  we  may  conjecture,  that  the  compreffion  of  the  air  very  much 
hinder’d  the  production  thereof ; for  that  is  ufually  perform’d  in  pafte, 
in  2 or  3 days  time.  Cold  alfo  much  hinders  its  production. 

(13.)  March  1.  1677.  I included  2 ounces  of  bruifed  raifins  of  the  fun,  In  raifins  and 
with  6 ounces  of  vinegar,  in  a receiver  ; upon  which  numerous  bubbles  vinegar. 
broke  out. 

March  2.  The  mercury,  in  24  hours  fpace,  afcended  not  to  the  height 
of  half  an  inch  ; yet  fome  bubbles  ftill  appear’d. 

March  25.  The  vinegar  always  appear’d  interfpers’d  amongft  fome  Of 
the  bubbles,  yet  the  mercury  afcended  not  to  the  height  of  one  inch. 

Hence  it  appears,  that  vinegar  hinders  the  production  of  air  and  fer- 
mentation ; for  raifins  of  themfelves  afford  much  air. 


(14.)  April  7.  I included  10  ounces  of  pafte,  in  a receiver  capable  of  In  pajlt . 
holding  22  ounces  of  water*,  afterwards  I intruded  as  much  air  into  it,  as 
fuffic’d  to  fuftain  128  inches  of  mercury,  befides  its  accuftom’d  height. 

In  6 hours  time  the  mercury  rofe  4 inches,  and  refted  at  132. 

April  8.  In  16  hours  the  mercury  ran  up  9 inches  higher,  and  ftay’d  at 
141. 

Nine  hours  after,  the  mercury  manifefted  no  change. 

April  9.  In  the  morning  I perceiv’d  fome  air  had  broke  forth,  and  the 
mercury  was  deprefs’d  to  130  inches;  therefore  I fcrew’d  the  receiver 
tighter,  and  thruft  in  1 1 inches  of  new  air  ; the  height  was  14  r. 


Apr . 10. } 

051 

1 1.  ( 

The  height 

) l5 8 

12.  ? 

was 

^ 1 68 

i3-  J 

£ 1 76 

Apr.  14.Y 

?i83 

15- ( 

The  height 

16.  r 

was 

S187 

17) 

\19I 

April  27.  For  eight  whole  days  the  mercury  kept  its  ftation  ; but  on 
the  two  laft  it  afcended  7 inches,  and  continu’d  at  198,  above  its  wonted 
height. 

April  30.  The  mercury  perfifting  at  the  fame  height,  I eafed  the  fcrew, 
fo  that  fome  air  might  break  out ; and  when  the  mercury  had  fo  far  de- 

D d d d 2 fcended* 
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fcended,  as  to  exceed  its  accuftom’d  height,  only  50  inches,  I prefently 
fet  the  lcrew,  to  fee  whether,  that  remifiion  of  the  fpring  of  the  air,  would 
afford  any  place  for  new  air  to  be  generated  ; and  in  2 or  3 minutes  time 
I found  the  mercury  to  have  afcended  fenfibly  higher. 

Three  hours  after,  the  mercury  was  found  12  inches  higher*,  for  it 
came  to  62. 

In  five  hours  it  afcended  one  inch  and  a half. 

May  1.  In  15  hours  the  mercury  rofe  only  one  inch. 

May  3.  Yefterday  it  appear’d  at  the  fame  height,  but  this  day  it  was 
higher  by  one  and  an  half,  and  remain’d  at  66. 

May  4.  The  mercury  was  not  chang’d,  and  therefore  I fuffer’d  all  the 
air  to  efcape  ; but  I could  not  quickly  fet  the  fcrew  *,  whence  it  is  proba- 
ble, that  very  much  air,  which  at  that  time  was  produc’d,  got  out  of  the 
receiver  *,  neverthelefs,  after  the  receiver  was  again  well  flopt,  I perceiv’d 
that  2 inches  of  air  and  more  had  been  produc’d  in  5 or  6 minutes  time. 

May  7.  The  mercury,  in  3 days,  again  amounted  2 inches. 

May  8.  The  mercury  was  higher  by  half  an  inch. 

May  1 1.  During  thefe  two  laft  days,  the  mercury  again  ran  up  half  an 
inch.  I fet  this  mafs,  almoft  unfit,  as  it  feem’d,  to  produce  air  in  vacu(r\ 
when  in  5 minutes  fpace,  the  mercury  afcended  to  the  height  of  an  inch. 

May  21.  It  afcended  not  quite  3 inches. 

May  30.  The  mercury  refled  at  the  height  of  4 inches  and  a half. 

By  this  experiment  it  appears,  that  all  the  air  producible  from  pafle, 
may,  after  a fort,  be  generated  in  a great  comprefiion  ; yet  it  is  fomewhat 
rcflrain’d  thereby,  lor  in  a lefs  comprefiion  it  will  foon  break  out. 

Hence  alfo  we  fee,  that  air  is  producible  by  ftarts  ; and  that  it  rifes 
more  fiowly  in  comprefs’d  than  in  free  air  •,  for  fuch  a production  in  the 
latter,  is  ufually  over  in  2 or  3 days  time. 

(15.)  July  30.  1677.  I included  plumbs  and  apricocks,  many  of  them 
being  firft  cut  afunder,  in  a receiver,  and  afterwards  as  much  air  produc’d 
out  of  cherries,  as  was  fufficient  to  fuftain  64  inches  of  mercury. 

Auguft  1.  The  fruits  had  produc’d  no  air,  but  grew  yellower  than  thofe 
which  were  in  common  air. 

Auguft  3.  The  mercury  rofe  a little  higher,  and  the  apricock,  which 
remain’d  whole,  feem’d  full  of  drops,  like  water. 

Auguft  7.  The  whole  apricock  grew  fofter  j the  mercury  flood  at  59 
inches  above  its  ufual  flatioa. 


Aug.  8.*) 

C61 

Aug.  13 

9-  L 

The  height 

)65| 

10  ( 

of  it,  was 

) 71 

15 

lO 

C74 

l6 

The  height 
of  it , was 

nd  the  days 

remain’d  at  the  fame  height. 

24.  The  height  cf  it  was  77  *,  tho5  I certainly  knew  that  nothing  had 
idled  out  of  the  receiver. 

29.  Find- 


Ehyjico-mechanical  Experiments . , 


573 


tn 

common  air . 


29.  Finding  neither  the  fruits,  nor  the  height  of  the  mercury,  changed  p 
any  more,  I open’d  the  receiver,  and  perceiv’d,  that  the  apricocks  had 
kept  their  colour  very  well  ; but  the  flefh  of  them  was  fpongy,  and  their 
tafte  inclined  to  acid.  Many  bubbles  had  broke  from  them,  at  the  time 
they  were  freed  from  the  furrounding  preflure. 

July  30.  1 677.  1 included  the  halves  of  the  fruit,  juft  mention’d,  in  a piumfo 
receiver  full  of  common  air  ; and  with  them,  others  of  the  fame  kin  apricocks 
uncut. 

July  31.  The  mercury  had  gain’d  the  height  of  eight  inches. 

Auguft  1.  At  fix  a-clock  in  the  evening,  the  mercury  was  twenty-one 
inches  high  *,  but,  in  the  other  receiver  it  remain’d  unmov’d. 

Auguft  3.  They  kept  their  firmnefs  much  better  than  thofe  included 
with  artificial  air.  The  height  of  the  mercury  was  thirty-five  inches. 

Auguft  4.  The  height  of  the  mercury  was  forty-two  inches. 

Auguft  6.  The  whole  apricock  feem’d  not  at  all  alter’d.  The  height  of 
the  mercury  was  fifty-feven. 


neumaticj 


and , 


Aug.  7 


} 


The  height  f8i 
8 j of  it,  was  (,95 
The  colour  of  the  whole  apricoc 


ceeded  to  grow  yellow.  No  moifture  appear’d. 


Aug.  9 \ The  height  \ i 
io)  of  it,  was  ( 1 
t,  yefterday,  began,  and  now  pro- 


Aug 


"A 

14) 


The  height 
of  it,  was 


Aug.  15T  The  height 

16X 


of  it, 


o 

was 


C171 
Ci  71 


17  and  the  days  following,  it 
remain’d  at  the  fame  height* 


Auguft  27.  The  height  was  one  hundred  and  eighty- two. 

Auguft  29.  When,  neither  the  fruit,  nor  the  height  of  the  mercury 
changed  any  more  *,  I open’d  the  receiver,  and  found  the  apricocks  of  a 
more  acid,  and  lefs  grateful  tafte,  than  the  others,  in  factitious  air  *5  tho* 
their  pulp  was  of  a very  good  colour,  but  fpungy:  they  alfo  yielded 
many  bubbles,  as  did  the  others. 

Hence,  ’ tis  probable,  that  the  artificial  air  of  the  cherries,  greatly  him 
dred  the  apricocks  from  producing  air  *,  tho’  it  promotes  the  alteration  of 
their  colour  and  firmnefs  ; and  alfo,  ferves  to  preferve  their  tafte. 

(16.)  Ottober  10.  1677.  I included  an  ounce  and  an  half  ofbruifed,  u Grapes  in  com* 
ripe  grapes,  in  a receiver,  that  would  hold  ten  ounces  of  water  *,  and  mon  air. 
drew  out  no  air. 

Oftob.  11.  The  mercury  afcended 
a little. 

12.  There  was  but  a fmall  change. 

13.  The  height  was  half  an  inch. 

1 7.  The  height  was  one  inch. 

18.  Theheightwasoneandan  half. 

19.  The  height  was  almoft  four. 

20.  The  height  the  fame  *,  but 

fome  mouldinefs  appear’d 
on  their  fuperficies. 

Nov.  6 . 


2 1 . I he  height  was  rour  and  an 
half. 

22  p The  height  remain’d  the 

23  > fame  *,  but  the  mouldinefs 

24  ) encreafed, 

26 ) 

2 7>The  height  was>6 

3°  3 W 

Nov.  2.  The  height  was  feven  and 
an  half 
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Nov. 


The  height  was 


The  height  was 


Jan.  6.  1678.  The  height  was  36.  The  air  broke  out. 

Grapes  with  Oblob.  io.  1 677.  I made  the  fame  experiment  in  another  receiver,  ob- 
/pint  of  wine,  ferving  the  fame  circumftances  ; only  here  I mixed  two  drams  of  fpirit  of 
wine  with  the  grapes. 


Oblob 


1 1 


Obi. 


A peach  in  an 


The  mercury  was  not 
changed. 

12.  There  was  no  change. 

.13.  The  mercury  was  not 
moved. 

Jan.  6.  The  grapes,  during  all  this  time,  had  produced  no  air. 
Whence  it  appears,  that  fpirit  of  wine  hinders  fermentation. 

(1 7.)  Oblob.  1 7.  1 677.  I put  a peach  into  an  exhaufted  receiver,  with 


17- 

18, 


19, 


It  afcended  a little. 

The  height  of  it  was  not 
yet  a quarter  of  an  inch. 
It  was  moved  but  a very 
little. 


exhaufted  re- 
ceiver, with 
fpirit  of  wine. 


fome  quantity  of  fpirit  of  wine,  which  could  not  touch  the  peach,  un- 
lefs  in  vapour. 

March  27.  1678.  I took  out  the  peach,  which  had  kept  its  colour, 
but  loft  its  firmnefs.  Though  the  receiver  was  fmall,  yet  it  was  not 
filled  with  air*,  for  when  open’d,  the  air  leem’d  to  rufh  into  it:  the  peach 
being  foftned,  was  fo  deprefs’d,  that  the  lower  part  of  it  touch’d  the  fpirit 
of  wine  ; the  fuperior  part,  alfo,  had  contradted  the  tafte  of  the  fpirit  of 
wine,  as  well  as  that  which  was  immerged  in  it. 

Peaches  in  air  ( 1 8 .)  Oblob.  17.  I included  five  peaches  in  an  unexhaufted  receiver; 

with  fpirit  of  and  with  them,  fome  fpirit  of  wine,  which  could  not  touch  the  peaches, 
unlefs  it  were  elevated  in  vapour. 

Oblob.  18.  The  mercury  afcended 
not  at  all. 

20.  The  height  of  the  mercury 
was  three  and  an  half. 


.wine. 


•The  height  of  it  was 


Nov.  6)  The  height  f 14 
12  3 of  it  was  c 16 


Dec. 


»} 

4 

7 J 


It  kept  the  fame 
height. 


8 

i6( 

2‘ 


The  height 
of  it  was 


Jan.  6.  1678.  It  was  23. 

March  28.  1678.  It  was  3 1 r. 
receiver  full  of  common 


Nov.  2 

Peaches  in  air  Obtch.  17.  I included  five  peaches  in  a 
without  fpirit  without  fpirit  of  wine. 

of  wine.  Oblob.  1 1.  The  mercury  afcended  not  at  all. 

Oblob . 20.  The  height  of  the  mercury  was  five  inches 


air. 


Oblob . 


•2I) 

22  / 
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The  height 
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i6r  of  it  was  \ 1 2 Decemb.  ? 

2\  / *5  i6 

Lr7f  27 

6.  1678.  The  height  was  32. 

March  28.  1678.  The  height  was  33  •£. 

15.  The  liquor  in  the  lower  part  of  the  receiver,  had  all  broke 
out,  and  the  air  followed  it  *,  then  I took  out  the  peaches. 

Hence  we  learn,  that  the  very  vapour  of  fpirit  of  wine,  fo  me  what  hin- 
ders fermei>tation  ; yet  much  lefs  than  the  fpirit  itfelf. 

( 19.  ) April  27.  1678.  I included  an  ounce  and  a half  of  pafte,  mixed 
with  leaven*  in  a receiver  full  of  common  air,  able  to  hold  twenty- three 
ounces  and  a half  of  water. 

April  28.  The  height  of  the  mercury  in  the  gage  was  two  and  a half. 

April  30.  The  height  of  it  was  three  and  a quarter. 

May  At.  The  mercury  was  depreffed,  tho’ no  air  broke  away,  and  the 
pafte  was  mouldy.  The  height  of  it  was  two  and  a half. 


Pa  fie  with  lea • 
ven,  in  com- 
mon air . 


May 


June 


The  height 
of  it  was 


The  height 
of  it  was 


May 


July. 


The  height 
of  it  was 

The  height 
of 


it  was 


April  27.  1678.  I included  an  ounce  and  a half  of  unleavened  pafte,  with 
common  air,  in  a receiver,  capable  of  holding  twenty-three  ounces  and  a 
half  of  water. 

April  29.  Hitherto  the  mercury  had  not  afcended ; but  this  afternoon  it 
rofe  a quarter  of  an  inch. 

April . 30.  There  was  no  change. 

May  4.  The  mercury  afcended  but  very  flowly,  and  the  pafte  wasmoul- 

d7- 

May  6.  The  height  of  the  mercury  was  four  inches. 


Pajle  without 
leaven  in  com* 
mon  air . 


May 


The  height 
of  it  was 


The  height 
of  it  was 


Hence  it  feems,  that  leaven  rather  hinders  than  forwards  the  production 
of  air,  if  the  pafte  be  not  made  in  a hot  place. 

( 20.  ) May  23.  I included  an  ounce  and  a half  of  unleavened  pafte,  in  a 
receiver  capable  of  holding  twenty- five  ounces  of  water,  and  pour’d  fpirit 
of  wine  upon  it. 


Pafte  with  fpi- 
rit of  wine. 
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May  24.  The  mercury  was  one  inch  hi 

‘ June 


The  height  of  it  was1 


No  change. 


May  26.  It  was  almoft  two  inches 
high. 

27,  It  was  two  and  a half. 

3 1 . There  was  no  change. 

Decemb.  14.  When  the  height  of  the  mercury  alter’d  no  more,  I open’d 
the  receiver,  and  found  that  the  pafte  had  an  acid  fmell. 
pajle  without  May  23.  I included  an  ounce  and  a half  of  unleavened  pafte,  in  a recei- 
fpirit  of  wine,  ver,  capable  of  holding  twenty- five  ounces  of  water  i but  added  no  fpiric 
of  wine. 

May  24.  The  mercury  afcended  not. 

May  26.  It  was  three  inches  high. 


New  ale  inclu- 
ded in  recei- 
vers. 


May 


The  height  of  it  was< 


f17 

} 22 


The  height  of  it  was 

"3° 

The  mercury  a little  ex- 
ceeded thirty  inches.This 


June 

day  the  air  broke  out,  and,  therefore,  I fet  the  fcrew. 

Decern . 14.  The  mercury  return’d  to  the  height  of  fifteen  inches*  when, 

I open’d  the  receiver,  and  found  the  pafte  very  acid. 

Hence  itfeems  to  follow,  that  fpirit  of  wine  greatly  obftrufls  the  pro- 
duction of  air  * and  the  more,  if  the  pafte  be  fermented  ; and  that  unfer- 
mented pafte  will,  in  traCt  of  time,  produce  no  lefs  air  than  that  which  is 
fermented. 

(21.)  Offob,  11.  I exactly  filled  a receiver  with  new  ale,  fo  that  no  air 
might  be  left-,  and  included  another  quantity  of  the  fame  in  another  recei- 
ver, wherein  fomc  fpace  was  allowed  for  the  air. 

Offob.  12.  The  cover  of  that  receiver,  which  contained  fome  air  was 
broken  *,  and,  therefore,  I poured  the  fame  ale  into  another  receiver, 
wherein  there  was  room  enough  left  for  the  air:  in  the  receiver,  exaCtly 
fill’d,  the  mercury  afcended  a little. 

Oftob.  13.  In  the  receiver,  exaCtly  fill’d,  the  height  of  the  mercury  was 
twelve  inches  * in  the  other,  thirteen  inches  ; tho*  it  had  been  fhut  up  a 
fnorter  time,  and  a much  larger  fpace  was  left,  whereinto  the  air,  newly 
produced,  might  have  been  dilated. 

Oftob.  14.  In  the  full  receiver,  the  height  was  thirteen in  the  other 
Towards  evening,  the  full  receiver  work’d  the  fafteft  for  the 
of  the  mercury  in  it  was  twenty-two ; and  the  other  but  twen- 
ty- . 

Oclcb . 15.  In  the  full  receiver,  the  height  of  the  mercury  was  forty- 
two-,  in  the  other,  twenty-fix.  And  fome  bubbles  of  air,  which,  in 
full  receiver,  had  poftefied  its  upper  part,  wholly  vanifhed  -,  and 


eighteen, 
height 


the 


the  ale  poftefied 
found  before. 


long  fpace,  in  the  mercurial  gage,  wherein  it  was  not 


Oflob . 
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Ottober  1 6.  In  the  full  receiver,  the  height  was  6 o inches,  pneWattcs 

In  the  other  30.  V>rVNw; 

18.  In  the  full  receiver,  the  height  was  90. 

In  the  other  40, 

22.  In  the  full  receiver,  the  height  was  90. 

In  the  other  42. 

23.  In  the  full  receiver,  the  height  was  108. 

In  the  other  50. 

26.  In  the  full  receiver,  the  height  was  108. 

In  the  other  60. 

28.  In  the  full  receiver,  the  height  was  133. 

In  the  other  63. 

The  bubbles  appear’d  again,  yet  nothing  flowed  out. 

Nov.  8.  The  full  receiver  loft  much  of  its  liquor  ; wherefore,  I open’d 
it  when  all  the  ale  feem’d  as  if  it  would  have  vanifh’d  into  froth,  unlefs 
I had  fuddenly  ftopt  the  little  hole,  that  gave  it  vent.  I many  times 
tried,  that,  if  the  hole  were  opened  in  the  gage,  the  mercury  would  pre- 
fently  defcend ; but  if  the  hole  were  again  ftopt,  it  would  fpeedily  afcend. 

The  ale  had  a moft  pungent  tafte. 

Nov.  9.  I opened  the  other  receiver,  and  obferved  almoft  the  fame 


things. 

Hence  it  feems  to  follow,  that  ale,  if  the  air  be  wholly  excluded  from 
the  containing  veflel,  will  ferment  more  flowly,  than  if  fome  air  be  left 
therein  ; and  that,  in  time,  it  makes  a greater  compreflion,  if  no  room 
be  left  for  its  dilatation. 

( 22.)  June  27.  I put  green  peafe  into  an  exhaufted  receiver,  with  fpirit Peafe with fpi~ 
of  wine.  Towards  the  evening,  the  receiver  feem’d  to  admit  the  exter-  fit  of  wine,  in 
nal  air,  and  the  mercury  rofe  to  the  height  of  eighteen  inches,  when  I an  e*hauft*d 
clofed  the  cover  with  turpentine. 

June  30.  I perceiv’d  no  more  change  in  the  height  of  the  mercury. 

July  7.  No  air  was  produced,  even  in  the  moft  vehement  heat. 

June  27.  I put  other  peafe  into  an  exhaufted  receiver,  without  fpirit  of p r 
wine.  The  receiver,  and  the  quantity  of  the  peafe,  were  the  fame  as  in  fpirit™/ wine, 
the  laft  experiment.  in  an  exhauft 

June  28.  The  receiver  was  full  of  air  ; tho’,  I think,  it  was  not  exactly  r reiver. 
fhut  *,  and  therefore,  I again  included  the  fame  peafe.  Towards  evening, 
the  height  of  the  mercury  was  five  inches. 


June  29 


i 


10 


30  > The  height  of  it  was  <16 


July  5 ^ The  height  J 26 


of  it,  was  { 30 


July  1 J C 19 

July  8.  The  air  got  out  of  the  receiver. 

Hence  it  appears,  that  fpirit  of  wine  hinders  the  production  of  air  in 

peafe.  Wat  the  effete 

(23.)  June  9.  1 677.  I put  cherries  into  an  exhaufted  receiver,  and  in  fix  of  artificial 
hours  time  the  mercury  came  to  the  height  of  five  inches  and  a half.  A\r  d*fferfr*m 

0 thofe  of  the 

n-r  TT  t,  ~ common, Jbeyn 

V O L.  11,  xLece  J unc  in  cherries  > 


> ^ 


8 Phyfico- mechanical  Experiments. 

tics  june  20.  The  mercury  afcended  three  and  a half.  Towards  the  even- 
ingitwastwo. 

The  afcent  is  here  always  to  be  underftood,  as  added  to  the  former. 


The  afcent  was 


The  afcent  was 


The  afcent  was 


The  afcent 
was 


The  height  was  forty-eight.  But,  tranfmitting  the  air  into  another 
receiver,  the  mercury  was  deprefied  to  thirty-five  inches. 

July  6.  The  afcent  of  the  mercury  was  4 inches  in  one  night’s  time. 

7.  The  afcent  of  it  was  five  and  a half  in  twenty-four  hours  time. 

8. }  C5- 


: 


The  afcent  of  it  was 


9 

i°  _ 

11.  The  afcent  of  it  was  twelve,  in  the  fpace  of  thirty-four  hours. 

12.  The  afcent  of  it  was  feven. 

13.  The  afcent  of  the  mercury  was  three  *,  the  height  about  ninety- 


I4l 

15  > 


two  inches : but  the  air  being  transferred  into  another  recei- 
ver, the  mercury  refted  at  fifty. 


The  afcent  C 14 


was 


1 


1 1 


l67 

J7J 


The  afcent  C 13 
was  l 5 


18.  The  afcent  of  the  mercury  was  9 *,  the  height  of  it  102. 

19.  The  height  of  the  mercury  was  92  ; for  I tranfmitted  part  of 
the  air  into  another  receiver. 

20.  The  afcent  of  the  mercury  was  fifteen. 

22.  Some  air  got  out,  and  the  height  of  the  mercury  was  63  1. 

23.  The  afcent  of  it  was  12  \ . 

24.  The  afcent  of  the  mercury  was  4 ; the  height  of  it  79  inches  ; 

but  the  air  being  tranfmitted  into  another  receiver,  the  mer- 
cury refted  at  62. 

26 
3°* 


) The  afcent  58  1 

271 

The  afcent 

f4 

) was  i9 

1 28] 

was 

*-5 

The  afcent  of  it  was  10  *,  the  height  ninety-eight.  Part  of  the 
air  being  tranfmitted  into  another  receiver,  it  refted  at  fixty- 
four. 


Jug. 


The  afcent  of  the  mercury  was 


C6 

h 


3\ 

1 

2 

3.  I tranfmitted  the  air  into  another  receiver,  and  the  mercury  re- 
main’d at  fixty-eight. 

j..  I tranfmitted  the  air  again  into  another  receiver,  and  the  mer- 
cury refted  at  fifty-four. 


6.  The 
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The  afcent  of  the  mercury  was^' 

8.  There  was  no  afcent. 

9.  The  afcent  was  three  inches. 

The  receiver  being  open’d,  I found  the  cherries  of  a whitilh  colour, 
and  of  very  little  tafte,  though  not  ungrateful ; their  fleflvwas  fpongy. 

Hence  it  feems  to  follow,  that  cherries  contain  much  air,  and  that  they 
produce  it  very  irregularly. 

(24.)  July  13.  1677.  I put  cherries  into  an  exhaufted  receiver;  and 
then  transmitted  into  the  fame,  as  much  air,  produced  from  other  cher- 
ries, as  fufficed  to  fuftain  fifty  inches  of  mercury. 

July  1 5.  Yefterday,  the  mercury  had  not  afcejided  at  all ; but  this  day 
it  was  two  inches  higher;  that  is,  twenty-two,  above  its  wonted  ftation. 
July  16.  The  height  of  the  mercury  was  twenty-three  and  a half. 


0**9 

Pneumatics 


July  17.  The  height  of  it  was  twen- 
ty-five. 

26.  The  height  of  it  was  for- 

ty-three. Some  air  got 
out. 

27.  The  height  of  the  mercury 


3°- 


3* 


was  forty-five.  More  air 
efcaped. 

The  height  of  it  was  fifty- 
two. 

The  height  of  it  was  fixty- 
one  inches. 


Auguft  1.  The  height  of  the  mercury  continued  nearly  the  fame,  though 
the  air  broke  out. 

Auguft  27.  The  air,  having  been  all  broke  away  for  fomfc  time,  I took 
out  the  cherries,  and  found  them  not  to  have  loft  their  colour,  as  in  the 
former  experiment:  they  had  contracted  no  putrefa&ion,  nor  mouldinefs, 
but  tailed  a little  more  acid  than  ufual ; and  being  opened,  there  were  ma- 
ny cavities  in  their  flelh,  as  in  fermented  pafte,  or  dough,  but  not  quite  fo 
thick. 

From  this  experiment,  compared  with  the  former,  it  may,  probably, 
be  inferred,  that  in  artificial  air,  fruits  produce  lefs  air,  and  fo  the  better 
preferve  their  colour  and  tafte ; for  the  cherries,  in  the  former  experiment, 
remain’d  in  the  receiver,  not  much  longer  than  in  this. 

( .25.  ) September  10.  1677.  I put  fix  ounces  of  unripe,  grapes  into  a re-  Grapes  in  com- 
ceiver,  with  common  air,  capable  of  containing  twenty-five  ounces  of mon  air. 
water  ; and  flopp’d  it  firmly  by  means  of  a fcrew. 

Sept.  1 1.  The  mercury  afcended  not  at  all. 

Sept.  12.  The  mercury  Hopp’d  a little  below  one  inch. 


Sept. 


The  height 
of  it  was 


Sept. 


The  height 
of  it  was 


September  23.  The  height  of  it  was  27*  The  grapes  were  not  alter- 
ed. 

September  24.  The  height  was  30. 

25.  The  height  was  31.  The  grapes  began  to  grow  yellow. 

E e e e 2 Septemb. 


5So 
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Grapes  in  fa- 
ctitious air . 


Granges  in 
tommon  and fa 
fiitious  air. 
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Septemb.  26 
27 

i- 

October  2 ' 


The  height 
of  it  was 


V2  I 

C34*  I 


f35 

L35 


Sept.  29  ? The  height 
30  | of  it  was 

Ottober  1.  The  height  remain'd  at  35. 

f Ottob.  io7  The  height  f 35 
J of  ' 


•The  height  of  it  was  36 


2 5, 


it  was  ( 3 2 {■ 


The  air  got  not  out,  but  the  cold  began,  and  increafed. 

November  9.  The  height  remained  the  fame. 

December  19.  Almoft  all  the  air  efcaped. 

December  20.  I took  out  the  grapes,  and  found  by  their  fmell  and  their 
tafte,  that  they  had  contracted  fome  mouldinefs,  though  not  difcernible 
by  the  eye.  They  were  more  firm  than  before. 

( 2 6. ) Sept.  10.  1677.  I included  two  ounces  of  crude  grapes  in  a re- 
ceiver, capable  of  holding  eight  ounces  of  water*,  and  to  the  common 
air  added  air  produced  out  of  pears,  till  the  mercury  refted  ten  inches  a- 
bove  its  ordinary  ftation. 

Sept . 1 1 . The  mercury  defcended,  and  its  height  was  eight  inches. 

Sept . 12  The  height  of  it  was  1 1.  The  afcent  3. 


The  height  f 1 6 
of  it  was  £20 
The  height  was  28. 

29 

The  height 
of  it  was 


Sept. 


The  height 
of  it  was 


23 

24 


{ 


35 

20 


Sept. 


it } 

The  grapes  turned  yellow. 

Sept.  22  7 The  height 
23  j of  it  was 
Some  air  had  broke  out*,  and  the 
grapes  were  of  a yellow  colour. 
The  height  of  the  C 25 
mercury  was  7 22 
The  height  almoft  the  fame. 

, 22 

The  height  of  it  was 


OSlob.  1.  and  2.  The  height  28. 


Oftob.  s')  The  height  C 30  I Oftob.  10)  The  height  C 3 1 -2. 

6 ) was  \ 3 1 J 133  was  \ 3 1 

Novemb.  9.  The  height  was  13.  Some  air  had  got  out. 

December  19.  The  height  of  the  mercury  was  20  inches. 

Decemb.  20.  I took  out  the  grapes,  and  their  fmell  and  tafte  were 
more  grateful  than  of  others  j their  firmnefs  rather  increafed,  than  dimi- 
nifhed. 

Hence,  faftitiousair  feems  fit  to  alter  colour,  and  to  preferve  tafte; 
but  the  firmnefs  might  be  increafed  here,  as  in  turpentine ; the  fpirits,  in 
time,  being  exhaled. 

( 27. ) July  18.  I took  two  pieces  of  orange,  and,  by  the  help  of  a fcrew, 
ftopped  them  clofe  up  in  a receiver,  with  common  air  ; when,  into  the  fame 
receiver,  I put  air,  produced  out  of  cherries,  as  much  as  fufficed  to  fuftain 
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12  inches  of  mercury.  At  the  fame  time  I put  a piece  of  the  fame  orange  Pneumatics 
into  another  receiver,  with  common  air  alone,  and  uncomprefs’d. 

July  20.  The  orange  in  the  common  air  began  to  contract  a mouldi- 
nefs, but  the  other  feemed  not  at  all  altered. 

July  23.  The  mouldinefs  of  the  orange,  in  the  common  air,  increafed  ; 
the  other  piece  remained  found. 

July  1 6.  The  orange,  in  the  common  air,  did  not  increafe  its  mouldi- 
nefs, but  feemed  wholly  rotten  j the  other  alfo  began  to  putrify,  but  re- 
mained free  from  mouldinefs. 

Aug.  r.  Perceiving  that  the  oranges  were  no  longer  fenfibly  changed,  I 
opened  the  receivers  ; and  tho*  the  air,  wherewith  I had  mixed  the  artifi- 
cial air,  wasfo  comprefs’d  in  its  receiver,  that  it  could  not  now  fuftain 

2 6 inches  of  mercury  above  its  wonted  preffure,  yet  the  fruits  were  far 
better  preferved  in  it  than  in  the  other  ; only  the  fuperficies  feemed  to 
have  loft  its  juice  ; but  all  the  inner  parts,  with  the  rind,  were  very  well 
coloured,  well  tafted,  and  firm  ; in  the  other  receiver  the  whole  orange 
feemed  almoft  rotten,  as  well  as  the  rind.  The  orange  was  more  corrupt- 
ed in  the  comprefted  air,  becaufe,  as  it  feems,  no  factitious  air  had  been 
mixed  with  it. 

It  feems  worth  obferving,  that  the  fame  air  generated  from  cherries,  is 
apt  to  produce  different  effeCts  upon  fruits  of  a different  kind  j for  here  it 
retarded  the  alteration  of  colour  and  firmnefs,  which,  when  I included, 
air  with  apricocks,  it  accelerated. 

(28.)  July  20.  1 676.  I included  a fmall  piece  of  beef  in  an  exhaufted  Beef  in  fafti- 
receiver,  and  put  as  much  air  produced  from  cherries  into  it,  as  fuftain’d tl0US  atr ' 

27  inches  of  mercury. 

July  21 

The  mercury  remained  almoft  at  the  fame  height. 


The  beef  had  removed  the  receiver  from  its  cover  ; and  be- 
caufe it  was  very  fetid,  we  threw  it  away. 

July  20.  1676.  I put  a piece  of  beef  into  a receiver  full  of  common  air,  Beef  in  com* 
and  carefully  ftopt  it  in  by  means  of  the  fcrew.  mn  air' 

July  21.  The  mercury  had  not  at  all  afcended  in  the  gage. 

July  22.  The  height  of  the  mercury  was  one  inch. 

23l  C 5i 

25 

26  r it 


The  height  of 


was 


27 


) 9 t 
) i4f 
C21  i 


In  the  evening 


\ 


18 

25. 


28.  The  fcrew  not  being  tight,  fuffered  the  air  to  break  out. 

Hence  it  appears,  that  air  produced  from  cherries,  is  a great  hindrance 
to  the  production  of  air  from  flefh. 

(29.)  March  14.  1676. 1 put  2 onions  into  a receiver  full  of  common  air,  0nim  \n 
with  a mercurial  gage,  and  faften’d  the  ftopple  with  a fcrew,  fee  whether  mn  air , 
vegetation  would  increafe  or  diminifh  the  quantity  of  the  air, 

March  * 
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Onions  in  fa 
It  it  ions  air. 


March  28.  The  mercury  Teemed  deprefled  one  quarter  of  an  inch  ; but 
it  afterwards  recovered  its  former  height,  and  two  inches  more  ; and  now 
the  air  broke  out,  and  the  roots  grew  longer. 

April  28.  About  ten  or  twelve  days  fince  I perceived  the  roots  to  be 
corrupted  •,  and  now  they  were  wholly  putrified. 

May  9.  The  mercury  continued  at  the  fame  height,  for  the  air  had 
broke  away  ; and  therefore  1 took  out  the  onions,  and  found  their  roots 
putrified,  but  they  were  not  at  all  mouldy. 

(30.)  March  1 7.  1676.  I included  two  onions  in  an  exhauffed  receiver, 
and  afterwards  put  air  produced  from  pafte  into  it. 

March  28.  The  onions  took  root,  at  lead  as  well  as  thofe  which  I 
kept  in  the  common  air. 

April  28.  The  ends  of  the  roots  began  to  putrify,  yet  they  were  in  far 
better  cafe  than  thofe  furrounded  with  common  air.  Perhaps  the  caufe  of 
this  difference  is,  that  a greater  quantity  of  water  was  included  with  the 
artificial  air.  The  mercury  mounted  higher  by  9 or  10  inches. 

May  18.  Hitherto  the  onions  Teemed  not  at  all  corrupted  ; but  this  day 
I found  one  of  them  to  be  a little  To,  tho*  different  from  a mouldinefs. 

Hence  we  may  gather,  that  artificial  air  doth  not  at  all  hinder  vegeta- 
tion *,  and  that  not  only  the  Tenfible  magnitude  of  the  body,  but  alfo  the 
quantity  of  the  air,  is  increafed  by  vegetation. 

Unripe  grapes  (3 1.)  Auguft  25.  I included  6 ounces  of  unripe  grapes  in  a receiver,  ca- 
m common  air.  pa^le  of  holding  25  ounces  of  water  i but  did  not  exhauft  the  air. 

Auguft  26.  The  mercury  afcended  a little. 

27.  The  height  of  the  mercury  was  one  inch. 

28.  The  height  of  it  was  1 

29.  The  height  was  1 i. 

Auguft  30.  The  mercury  Teemed  to  have  defcended,  rather  than  afcend- 
ed. The  colour  of  the  grapes  was  lefs  altered  here,  than  in  the  receiver 
containing  air  produced  from  pears. 

Aug.  31.  The  receiver  broke, and  I left  the  grapes  expofed  to  the  free  air. 
Sept.  7.  The  grapes  being  left  in  the  free  air,  ffill  kept  their  green  co- 
lour, and  were  of  a grateful  tafte,  tho’  lefs  pungent  than  before. 

Auguft  25.  I included  two  ounces  of  unripe  grapes  in  a receiver,  capa- 
ble of  holding  eight  ounces  and  a half  of  witter  * and  haying  ffopt  it  clofe 
with  a Tcrew,  1 filled  it  further  with  air  produced  from  pears,  till  it  fu- 
fiained  15  inches  of  mercury. 

Auguft  26.  Some  air  efcaped,  and  therefore  I crouded  in  new,  produ- 
ced out  of  the  Tame  pears,  till  the  mercury  refled  1 7 inches  above  its 
wonted  height. 

Auguft  27.  The  mercury  v/as  deprefled  belowr  the  1 6th  inch,  yet  no  air 
had'  broke  out.  Towards  evening  the  mercury  again  afcended  to  17. 


Unripe  grapes 
in  Jaflitious 

air. 


Aug.  28 


29>The  height  of  it  was' 


The  height  of  it  v/as 
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Sept.  4.  The  laft  height  continued,  and  the  grapes  had  all  contracted  pNTTICS 
a yellow  colour. 

Sept.  5.  The  air  broke  out. 

Sept.  7.  The  air  continued  to  get  away,  by  degrees  *,  I took  out  the 
grapes,  and  found  them  very  infipid,  and  of  an  ungrateful  tafle. 

This  experiment  confirms  the  efficacy  of  artificial  air,  to  alter  the  co- 
lour of  fruits.  ’Tis  alfo,  very  obfervable,  that  here  it  damaged  the  tafle, 
and  promoted  the  production  of  the  air,  contrary  to  what  had  happened 
in  the  former  experiments.  It  might  be  worth  while  to  try,  whether  the 
fame  would  happen  in  all  unripe  fruits. 

(32 .)  Auguft  2.  1676.  I ffiut  up  a July  flower  in  a receiver,  with  air^J^'/^r 
produced  from  pafte,  made  with  meal,  and  not  mixed.  ' u 

Aug.  4.  The  flower  began  to  change  its  colour,  and  to  grow  moifl. 

Aug.  9.  The  July-flower  was  a little  alter’d. 

Aug.  12.  The  moifturegradually  increafed,  butno  mouldinefs  appear’d. 

Aug.  31.  The  July-flower  feem’d  little  alter’d,  tho’  it  was  lefs  freffi 
than  thofe  which  were  kept  in  vacuo . 

Aug.  2.  I fhut  up  a July-flower  in  a receiver,  with  common  air,  not  In  common  air. 
mixed. 

Aug.  4.  The  flower  was  not  changed. 

Aug.  9.  It  grew  moifl,  and  had  almoft  loft  all  its  colour. 

Aug.  12.  A great  mouldinefs  cover’d  all  the  flower. 

Aug.  2.  I included  two  July-flowers  in  vacuo , and  took  fpecial  care,  July- flowers 
that  no  humidity  fhould  be  included  with  them.  in  vacuo. 

Aug.  4.  1676.  One  of  them  began  to  appear  moifl. 

Aug.  31.  1677.  During  the  whole  year,  the  July-flowers  had  fufiered 
no  change. 

Hence  it  feems  probable,  that  factitious  air  haflens  the  change  of  colour, 
yet  it  prevents  mouldinefs  as  a Vacuum. 

(33.)  July  24.  I put  apricocks  and  feme  plumbs,  feveral  of  which  were  Apricoch  and 

cut  in  pieces,  in  a receiver  full  of  common  air,  and  flopped  it  firmly  with^^  tn. 

rr  common  air. 

a lcrew. 

July  25.  The  mercurial  gage  wasfpoiled  : fo  that  I could  not,  by  any 
means,  perceive  the  quantity  of  the  air  generated. 

July  30.  The  fruit  feemed  not  at  all  alter’d,  except  that  one  of  the  cut 
plumbs  had  contracted  fomething  of  mouldinefs. 

Aug.  2.  I open’d  the  receiver,  and  found  all  the  fruit  firm,  of  a good 
colour,  and  a grateful  tafle. 

July  24.  I made  the  fame  experiment  in  another  receiver,  with  the  Tb*/*** tn. 
fame  circumflances  ; only  into  this  laft  receiver,  I intruded  air,  produced  aitlJicia  air' 
from  cherries,  till  it  fuflain’d  twenty-two  inches  of  mercury. 

July  25.  The  mercury  defeended  three  inches,  and  refled  at  nineteen. 

Toward  the  evening,  it  recover’d  its  former  height,  and  refled  at  twenty- 


two. 

Juiy  26^Th£  height  of  jt  was  j J 


July  28 
29 


^ The  height  of  it  was<f 


36 

40 
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pneumatics  juiy  £0>  The  height  was  forty-four.  The  apricocks  which  were  cut, 
began  to  moiften,  and  diflblve  into  water. 

It  3!}  The  height  was  {§* 

Aug.  2.  The  height  was  fixty-five.  Towards  evening,  when  fome  liquor 
had  efcaped  out  of  the  receiver,  I fcrewed  it  tighter  ; but  one  of  the  iron 
wires  being  broken,  all  the  air  got  away.  Wherefore,  I took  out  the 
fruits,  and  found  them  very  foft  ; efpecially  thofe,  whofe  lower  parts 
were  immers’d  in  the  water  ; the  reft  were  a little  more  firm,  but  all  of 
them  retain’d  a grateful  tafte. 

Hence  it  feems,  that  air  produced  from  cherries,  promotes  the  altera- 
tion both  of  colour,  and  firmnefs  in  apricocks. 

It  appears  alfo,  that  fome  part  of  fuch  air  is  deftroyed  at  the  firft. 

■Plumbs  in  com - (34.)  July  30.  1676.  I put  plumbs,  cut  afunder,  into  three  receivers; 

™fiZuirar~  ont  of  w^^c^was  full  of  artificial  air,  produced  from  goofeberries ; the 
Znd'm  vacuo,  fecond  full  of  common  air,  and  the  third  exhaufted. 

Aug.  2.  In  the  artificial  air,  the  plumbs  were  not  changed  ; in  the  com- 
mon air,  they  began  to  be  mouldy  ; but  in  the  evacuated  receiver,  they 
retain’d  their  colour,  and  were  foft. 

Aug.  5.  In  the  artificial  air,  the  plumbs  had  contracted  a red  colour, 
humidity,  and  foftnefs  ; in  the  common  air,  they  feemed  black  and  moul- 
dy, yet  retain’d  their  firmnefs  ; in  the  evacuated  receiver,  they  were  al- 
moft  diffolved. 

Aug.  7.  The  plumbs  in  the  common  air,  began  to  foften. 

Aug.  8. The  plumbs  in  the  common  air,  feemed  to  have  loft  their  black 
colour,  and  to  have  contracted  a red  one  i as  it  happen’d  three  days  be- 
fore, to  the  plumbs  in  the  artificial  air. 

In  this  experiment,  artificial  air  feems  to  have  promoted  an  alteration. 
Peachesincom-  /3'5-)  ?eP-  24-  1 put  five  peaches  into  a receiver,  with  common  air, 
non  and  ar.ti-  mixed  with  fome  produced  from  grapes  ; and  included  the  grapes  them- 
ficjal  airt  felves  in  the  fame  receiver,  that  the  common  air  might  be  the  better  fatu- 
futxed.  rated  with  the  artificial. 

Sept.  25.  The  height  of  the  mercury  was  twenty-one  inches. 


Sept.  26 p C23 

The  height  of  it  was  < 3 1 

C 39 


Oftob.  2.  The  fame  height  continued. 


Sept.  29  ) 

30S  The  height  of  it  was- 
ORob.  O 


3 

5- 

€. 

7* 

8. 

11. 

J9- 

25- 

27* 

3°* 


The  height  of 
The  height  th 


it  was  52  and  a half, 
fame  ; but  the  peaches  feem’d  moift. 
The  height  of  it  was  58. 

The  height  of  it  was  the  fame. 


The  height  of  it  was  61 


The  mercury  afcended  a little. 

The  height  of  it  was  65. 

The  height  of  it  was  61.  The  cold  was  fharp. 
The  cold  abated,  and  the  mercury  afcended. 
The  height  was  61,  and  a little  more. 


Nn 


Nov. 

ther. 
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2.  The  height  of  the  mercury  was  59.  It  was  fevere  cold  wea 


6.  The  height  was  61.  The  froft  broke,  and  it  thaw’d. 

7.  The  mercury  feemed  fomewhat  higher. 

9.  The  mercury  perfifted  at  the  fame  height. 

Dec.  9.  In  one  month’s  fpace,  the  mercury  afcended,  by  degrees,  to 
the  height  of  eighty  inches. 

April  1.  1678.  The  mercury  came  to  ninety-fix  inches  above  its  wonted 
height.  I now  opened  the  receiver,  and  whilft  the  air  was  breaking  out, 
the  peaches  emitted  many  bubbles  thro’  their  fkins,  not  without  a violent 
noife;  and  the  fkin,  in  fome  of  them,  was  broken:  they  had  preferved 
their  tafte,  and  the  colour  of  their  pulp ; but  loft  their  firmnefs,  as  if  they 
had  been  boiled  •,  being  left  in  the  air  for  three  hours,  they  were  all  rotten. 

This  experiment  proves,  that  common  air  corrupts  bodies,  tho’  much 
the  lefs  for  being  mixed  with  factitious  air. 

(36.)  Auguft  4.  The  firft  receiver.  I cut  five  pears,  each  of  them  into  Pears  in  com* 
four  parts  •,  and  put  one  part  of  each  into  a receiver  full  of  common  air,  non  air. 
and  flopp’d  it  clofe  with  a fcrew. 

Aug.  6 . The  colour  of  them  was  a little  alter’d,  and  the  mercury  afcen- 
ed  not  at  all. 

Aug.  7.  The  pears  were  little  alter’d,  and  the  mercury  was  a little  higher* 

Aug.  8.  The  pears  underwent  no  great  change  ; the  height  of  the  mer- 
cury was  four  inches. 

Aug.  9.  The  height  of  it  was  four  and  a half. 

Aug.  10)  The  height  C 6 \ Aug.  13I  The  height  Ci 6 
n f of  it  was  (10  I 143  of  it  was  t2° 

. The  pears  began  to  be  fo ft. 

Aug.  15.  The  height  of  it  was  2 1. 

16.  The  height  of  it  was  19.  I believe  the  air  had  gone  out. 

17.  Now  I found  the  air  had  efcaped. 

18.  The  air  being  almoft  all  got  out,  fince  yefterday  in  the  even- 

ing, and  the  fruit  looking  worfe,  I took  the  pieces  out, 
and  found  them  putrefied. 

Aug.  4.  The  fecond  Receiver.  I took  one  quarter  of  each  of  the  afore-  Pears  in  arti - 
faid  pears,  and  included  them,  after  the  fame  manner  *,  and,  afterwards,  ficial  air% 
added  air,  produced  out  of  cherries,  till  the  mercury  pofiefs’d  twenty- 
three  inches  extraordinary. 

Aug.  6.  The  fruit  was  not  alter’d,  except  a little  in  their  colour. 

Aug.  7.  Almoft  all  the  pieces  feem’d  rotten  *,  the  mercury  remaining  at 
the  fame  height. 

Auguft . 8.  The  pears  were  not  alter’d  much:  but  I could  not  fee  the  mer- 


cury 


1 3 • 

Aug.  io.  They,  gradually,  grew  fofter  ; and  the  mercury  was  forty 

-L-;s  abc — ‘ 1 

Aug. 


V O L.  II. 


C The  height 

I51  1 Aul- 

The  height  ( 

\ of  it  was 

j6i  1 15S 

of  it  was  1 

67 

73 


Aug. 
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Tears  in  an 
unjlopp'd  recei- 
ver. 


Pears  in  va- 
cuo. 


Aug.  1 6.  The  mercury  defcended  ; yet  nothing  had  got  out. 

Aug.  17.  The  mercury  exceeded  not  fixty-feven  inches  in  height;  yet 
the  air  could  by  no  means  efcape. 

Aug.  18.  The  mercury  remained  at  the  fame  height ; but  differing  the 
air  to  breakout,  it  had  a lharp  odour  ; and  the  tafte  of  the  fruit  feemed 
very  acid,  and  the  pulp  exceeding  foft. 

Aug.  4.  1677.  The  third  receiver.  I put  a quarter  of  each  of  the 
aforefaid  pears  into  a receiver,  not  exactly  (hut. 

Aug.  6.  The  pears  feem’d  to  change  their  colour. 

Aug.  7.  One  of  the  pieces  began  to  lofe  itsfirmnefs;  but,  in  the  ar- 
tificial air,  another  piece  yefterday  feem’d  wholly  rotten. 

Aug.  8.  One  piece  was  mouldy;  the  reft  were  foft. 

Aug.  9.  The  pears  gradually  grew  more  rotten. 

Aug.  1 1.  They  were  wholly  mucid,  and  rotten. 

This  receiver,  compared  with  the  firft,  fhews,  that  corruption  begins 
not  in  the  free  air  fooner  than  in  included  air  ; but,  when  begun,  that  it 
is  much  more  violent  and  fudden  ; becaufe  the  included  air  may  be  fatia- 
ted. 

Aug.  4.  1 677.  The  fourth  receiver.  I included  one  quarter  of  each  of 
the  laid  pears  in  vacuo. 

Aug.  6.  The  height  of  the  mercury  was  5. 


20.  Hitherto  the  pears  had  undergone  no  alteration  ; but  this  day  they 
began  to  be  foft.  The  mercury  afcended  not. 

Aug.  26.  Neither  the  pears,  nor  the  height  of  the  mercury,  were  at 
all  alter’d. 

This  production  of  the  air  feems  very  regular. 

Hence  we  find  the  aptnefs  of  artificial  air  to  foften  fruits. 

And  that  the  production  of  air  was  here  promoted  by  artificial  air,  is 
very  probable  ; tho’  it  had  fucceeded  other  wife  with  apricocks. 
dpricocks  in  (3 .)  Auguft  2i.  1677.  The  firft  receiver.  I divided  fix  apricocks, 
common  air.  eac|1  jnt0  four  parts . ancj  pUt  one  pjece  0f  eacj1  into  a receiver  full  of 
common  air,  and  flopp’d  it  firmly  with  a fcrew. 

Aug.  22.  The  apricocks  feem’d  riper  than  yefterday;  but  no  air  was 
produced  by  them. 

Aug.  23.  One  piece,  contiguous  to  the  water,  began  to  be  mouldy,  and 
the  reft  inclined  to  putrefaction.  The  mercury  feem’d  to  have  afcended  a 
little. 

Aug.  24.  A piece  next  the  water,  was  cover’d  with  much  mouldinefs ; 
another  piece,  more  remote  from  the  water,  was  iomewhat  mouldy  alfo; 
but  all  were  rotten. 


A‘g. 
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Aug.  25.  The  fruit  contra  died  no  more  mould  mefs  ; but  the  putrefa-  Pneumatics 
dlion  increaled.  The  height  of  the  mercury  was  feven  inches. 

Aug.  26.  The  height  of  the  mercury  was  15. 

28.  The  height  of  it  was  30. 

29.  The  fame  height  continued. 

30.  The  height  of  it  was  33.  The  fruits  were  almoft  all  diflolved. 

31.  The  height  of  the  mercury  was  38. 

Septemb.  1.  The  height  of  it  the  fame. 

2.  The  fame  height  (till. 

3.  The  mercury  afcended  a little. 

Septemb . 4?  The  height  C 41  I Septemb.  The  height  f 45 
5J  of  it  was  c 43  l 8 3 of  it  was  \ 4 6 

Septemb.  9.  The  fame  height  continued. 

Sept.  22.  Little  or  no  change  appear’d  in  the  height  of  the  mercury  *, 
but  the  fruit  was  almoft  diflfolv’d  into  water. 

Oftob.  1 . When  the  mercury  continued  at  the  fame  height,  and  the  fruit 
feem’d  almoft  Vanilh’d,  I open’d  the  receiver,  and  found  the  apricocks 
very  much  impaired  and  foft  \ yet  they  retained  a tafte  not  unpleafant,  but 
tending  to  acid. 

Aug.  2 1.  1 677.  The  fecond  receiver.  I cover’d  one  quarter  of  each  of  the  Apricocks  in 
aforefaid  apricocks,  with  a receiver,  not  defended  againft  the  external  air.  a*e°^en  recet~ 

Aug.  22.  They  were  flaccid,  as  if  they  had  been  dry,  or  wither’d. 

Aug.  23.  Many  of  them  appear’d  rotten  and  mouldy. 

Aug.  24.  The  apricocks  were  wholly  putrefied,  and  mouldy. 

Aug.  21.  The  third  receiver.  I included  firmly,  by  the  help  of  a fcrew,  in 

one  quarter  of  each  of  the  aforefaid  apricocks,  in  an  unexhaufted  recei-  one  unexbaujt- 
ver  ; to  which  I,  afterwards,  added  air  produced  from  pears,  till  it  fu - ed,with  an  ad- 
ftain’d  20  inches  of  mercury.  ^tio™ 

Aug.  22.  The  mercury  afcended  not  at  all ; but  the  fruit  feemed  to  have  0 
acquired  a greater  degree  of  maturity,  than  that  included  in  common  air. 

Aug.  23.  Thefe  feemed  lefs  alter’d,  than  thofe  which  were  in  common  air. 

Aug.  24.  They  remain’d  unalter’d. 

Aug.  25.  The  fruits  began  to  produce  air,  but  I could  not difcern  the 
quantity. 

Aug.  26.  Little  alteration  in  the  fruit. 

Aug.  28.  It  began  to  moiflen,  yet  was  far  lefs  alter’d  than  that  which 
remain’d  in  common  air. 

Aug.  30.  The  mercury  emerg’d  above  the  bodies,  by  which  it  was  hid. 

Its  height  above  the  wonted  ftation,  was  thirty  inches. 

Aug.  31.  The  height  of  the  mercury  was  forty  inches. 

Sept.  1.  The  height  of  it  was  the  fame. 

2.  The  fame  height  continues. 

3.  The  height  45. 

8.  The  height  was  little  changed. 

9.  The  height  40;  yet  no  air  got  out. 

11.  T he  height  was  3 8 . 


Ffff  2 


12,  The 
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12.  The  mercury  continued  to  defcend. 

13.  The  height  of  it  was  33. 

. 14.  The  mercury  was  fo  deprefied,  as  to  appear  no  more. 

. 22.  The  mercury  emerged  again  5 its  height  was  33.  The  fruit 
was  cover’d  with  a kind  of  mucor. 

Oflob.  1.  When  neither  the  apricocks,  nor  the  height  of  the  mercury, 
were  any  more  alter’d,  and  the  mucor  vanifhed,  I open’d  the  receiver* 
and  found  the  apricocks  not  impaired,  but  of  a good  colour,  their  pulp 
fpungy  and  foft,  and  of  a tafte  inclining  to  acid. 

Apricochsin an  dug.  2i.  The  fourth  receiver.  I took  a quarter  of  each  of  the  faid 
unexhavjled  apricocks,  and  fhut  them  up  firmly,  with  a fcrew,  in  an  unexhaufted  re- 
TirZ^jZtfr-  ^eiver’  into  which,  afterwards,  I intruded  air,  till  the  mercury  rofe  90 
wards  conden - inc^es  above  its  ftandard  height. 

Jed.  dug.  21.  Our  receiver  broke  into  an  hundred  pieces,  by  the  force  of 

the  air  comprefied  within  it  ; whereupon  I put  the  fruit  into  another,  and 
added  only  fuch  a quantity  of  air  as  was  able  to  fuftain  fixty  inches  of 
mercury. 

dug.  25.  The  apricocks  had  contracted  much  mouldinefs ; and  I ad- 
ded new  air. 

dug.  26.  They  were  wholly  infected  with  mouldinefs  and  rottennefs. 

This  receiver,  if  compared  with  the  former,  fhews,  that  the  quantity 
of  corruption  depends  on  the  quantity  of  the  air. 

Hence  we  have  it  confirm’d,  that  alterations  are  made  more  fuddenly  in 
factitious  air  j and  that  in  time,  the  corruption  is  far  greater  in  common 
air. 

7 'hat the effeBs  ("38.)  March  2i.  1677.  I put  two  onions  into  a receiver,  which  was 

° air  differ  from  c^°fe  with  a fcrew  *,  and  intruded  fo  much  common  air  there- 

thojeof  the  int0>  as  raifed  the  mercury  fixty  inches  above  its  ufual  ftatiori. 
common,  Jhevm  March  28.  The  onions  took  root  as  well  as  other  onions  which  I in- 
by  omom  in  eluded  in  common  air  at  the  fame  time. 

condenfed  air.  jfprilzft.  The  onions  included  in  common  air,  eight  days  ago,  were 
cover’d  with  mouldinefs,though,  in  the  beginning,  they  had  fhot  numerous 
roots : the  onions  in  the  other  receiver  began  to  corrupt  at  the  ends  of 
their  roots  •,  but  thecomprefs’d  air,  ten  days  before,  had  found  a gradual 
pafiage  out,  and  now  was  almoft  wholly'efcaped.  I,  therefore  put  in  new 
air,  till  the  mercury  had  attain’d  to  the  height  of  fixty  inches  above  its 
ufual  ftandard. 

dprit 29.  The  onions  in  the  comprefs’d  air,  were  cover’d  all  over 
with  mouldinefs. 

Hence  it  feems  to  follow,  that  a little  ccmpreflure  doth  not  prejudice 
bodies  to  be  expanded  by  vegetation. 

And  the  new  air,  which  was  intruded,  feems  to  have  promoted  the 
mouldinefs,  though  probably,  in  the  beginning,  the  comprefiure  of  the 
'1’ilifif  and  aiF  retarc^  mouldinefs,  and  the  corruption. 

Jark/purs  in  (39-)  May  9.  1 put  two  equal  quantities  of  tulips  and  lark-fpurs,  into 
common  and  two  receivers  of  an  equal  bignefs,  and  ftopp’d  them  up  firmly  with  ferews: 
tempreffed  air.  1 
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I left  one  of  them  with  common  air  only,  but  comprefied  the  other  by  the  p**«matici 
intrufion  of  new  air,  till  the  mercury  exceeded  its  wonted  height  by 
feventy  inches. 

May  11.  Two  tulips  in  the  common  air,  contracted  mouldinefs;  but 
all  things  remained  unalter’d  in  the  comprefied  air. 

May  12.  A third  tulip,  in  common  air,  began  to  be  finewed  but  no- 
thing like  it  happen’d  in  the  comprefs’d  air.  • 

May  14.  One  tulip,  in  the  comprefs’d  air,  was  finew’d  ; but  thofe  in 
the  common  air,  were  all  very  mucid  ; and  one  of  the  lark-fpurs,  in 
the  common  air,  had  alfo  contracted  a mucor. 

May  17.  Three  of  the  tulips  in  comprefs’d  air,  had  contracted  a finew; 
but  not  half  fo  much  as  thofe  in  the  common  air.  Two  of  the  lark-fpurs 
in  the  commonair,  appear’d  finewed  alfo  ybutthofe  (hut  up  in  comprefs’d 
air,  were  preferved  fre/h,  and  wholly  free  from  mouldinefs,  or  finew. 

May  2 1 . The  flowers  in  the  common  air,  were  all  rotten  and  putrified  ; 
but  thofe  in  the  comprefied  air,  received  no  further  alteration  : and  the  tu- 
lips, which  had  contracted  fome  finew,  feem’d  rather  to  lofe  it,  than  to 
acquire  new. 

May  30.  When  the  flowers  in  the  common  air,  being  wholly  putrified, 
were  dififolved  into  water,  1 took  them  out,  and  kept  the  liquor  in  the 
vefiel,  to  try  whether  any  infeCts  would  breed  therein.  In  the  comprefied 
air,  the  flowers  fuffer’d  no  more  fen  Able  alteration  ; I therefore,  took  them 
out,  and  found  them  moift,  and  of  an  acid  odour. 

Hence  it  feems,  that  comprefied  air,  hinders  putrefaClion  and  mouldi- 
nefs, in  fome  plants. 

(39.)  May  21.  1 677.  I cut  an  orange  into  two  equal  parts,  and  inclofed  Orangeincon* 
one  of  the  halves  in  a receiver,  with  air  fo  comprefied,  that  it  would  fuftain  prejfedand 
an  hundred  inches  of  mercury  above  its  wonted  height:  I left  the  other  common  air° 
half  in  another  clofe  receiver,  only  with  common  air. 

May  25.  Each  half  of  the  orange  had  contracted  mouldinefs  ; but  that 
in  the  common  air  was  much  more  mucid  than  the  other. 

May  26.  The  comprefied  air  had  entirely  got  out,  and  therefore  I put 
in  new. 

May  30.  I every  day  perceiv’d  fome  air  had  efcaped,  and  therefore, 
daily  fupplied  frelb.  And  the  orange,  by  receiving  new  air  fo  often,  con- 
tracted a mucor,  notwithftanding  the  compreflure,  much  more  than  the 
other  piece  that  was  left  in  the  fame  air  without  prefiure. 

June  1 . I took  out  the  two  half  oranges  ; and  that  which  lay  in  the 
comprefied  air,  feemed  to  have  contracted  a corruption,  at  lead  three 
times  greater  than  that  which  had  continued  in  the  common  air. 

Hereby  the  difpofition  of  comprefied  air,  to  retard  corruption,  is  con- 
firmed *,  yet  in  time,  ’tis  very  probable,  that  the  quantity  of  corruption 
may  depend  upon  the  quantity  of  the  air. 

(40.)  May  % 1,  1 677.  1 included  two  equal  quantities  of  rofes,  in  two  Rofej  in  com- 
receivers,  flopp’d  by  the  help  of  fcrews  ; into  one  of  which  I intruded  as  non  and  com-, 

much 
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rv z v m iatic  « ■ much  air  as  would  fuftain  ninety  inches  of  mercury,  befides  its  accufto- 
'**0~V*S*~'  med  preflure  *,  but  I left  the  other  with  common  air  only. 

June  1 1.  The  rofes  in  the  common  air  were  free  from  mouldinefs,  on- 
ly they  feemed  to  have  loft  fomethingof  their  colour  : but  thofe  (hut  up 
in  the  compreffed  air,  had  almoft  all  contracted  a yellow  colour,  as  if  they 
had  wither’d  in  the  open  air  ; yet  they  were  not  mucid.  or  finewed. 

June  1 8.  This  laft  week,  the  flowers  .in  the  common  air,  fufrer’d  not 
the  lea  ft  change  ; but  thofe  in  the  comprefted  air,  grew  yellower.  I 
open’d  both  receivers,  and  found  the  rofes  to  have  retain’d  their  fcent, 
yet  it  was  fomewhat  alter’d,  neither  were  they  dry,  or  wither’d.  I kept 
them  apart  in  the  open  air,  and  found  that  thofe  taken  from  the  comprel- 
fed  air,  were  not  fo  foon  alter’d  by  the  contact  of  new  air,  as  thofe  which 
had  remained  in  uncomprefifed  air. 

Hence  it  feems  to  follow,  that  comprefted  air  is  fometimes  fitter  to  al- 
ter colour  than  common  air.  And  perhaps,  it  may  be  worth  our  notice, 
that  rofes  fo  included,  contract  not  a mouldinefs,  but  only  a yellow 
colour  *,  tho*  in  tulips  and  lark-fpurs,  it’s  otberwife. 

Orar.ve  in  (41-)  7unf  ij  1677.  I put  the  two  halves  of  the  fame  orange  into  two 
comprefs'dair,  receivers  ; in  the  one  I increafed  the  quantity  of  air  till  it  fuftained  the 
and  common,  mercury  an  hundred  inches  above  its  wonted  height,  but  left  the  other 
uncompreflfed,  only  exadly  fhut. 

June  6.  Each  half  of  the  orange  grew  mouldy  ; cfpecially  that,  whofe 
ambient  air  was  comprefted.  But  new  air  was  every  day  fupplied  *,  for  the 
compreffed  air  in  24  hours  time,  had  almoft  all  got  out.  But  in  the 
former,  it  had  remain’d  very  well  fhut  in,  for  fix  whole  days. 

June  1 1.  The  orange  in  the  common  air,  contracted  no  more  mouldi- 
nefs •,  but  in  the  compreffed  air,  the  mouldinefs  gradually  increafed. 

June  18.  Finding  the  mouldinefs  of  the  orange,  in  the  common  air,  to 
diminifh,  rather  than  increafe,  I took  it  out  *,  ar.d  perceiving  further, 
that,  in  compreF’d  air,  the  orange  was  not  more  mucid,  after  I had  cea- 
fed  to  intrude  new  air,  I was  willing  to  try  whether  the  new  air  fupplied 
new  ftrength  to  the  orange,  to  exert  and  thruft  out  its  mouldinefs  ; and 

O D 7 m 

therefore,  made  the  mercury  in  the  gage,  by  means  of  the  air  intruded,  to 
exceed  its  wonted  height  80  inches. 

June  26.  Two  days  after  I had  intruded  new  air  into  the  receiver, 
the  mouldinefs  of  the  orange  appeared  to  be  manifeftly  greater. 

Hence  we  may  gather,  that  the  quantity  of  the  mouldinefs  depends 
on  the  quantity  of  the  air. 

Shrew-mice  in  (42.)  June  17,  1677.  I put  two  fhrew-mice  into  two  receivers,  of  equal 
common  and  bignefs,  and  flopped  them  up  carefully  ; in  one  of  them  I left  only  com- 
comprejea  air.  mon  ajr . *n{:0  t]ie  other)  \ intruded  air,  till  the  mercury  was  higher,  by 
30  inches,  than  ufual  : the  moufe  in  the  common  air,  was  included  about 
52  minutes  paft  5 of  the  clock  *,  and  6 minutes  after  the  other. 

The  moufe  in  the  comprefs’d  air,  feemed  to  lofe  his  ftrength  much 
fooner  than  the  other,  the  motion  of  his  breaft  being  lefs  frequent : yet  about 
18  minutes  after  6 o’clock,  the  moufe  in  the  common  air,  which  feemed  the 

ftronger. 
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flronger,  fell  into  convulfive  fits,  and  died  ; but  that  in  the  comprefled  ce 

air,  feemed  then,  and  fome  time  after,  to  be  as  well,  as  he  was  an  hour 
and  half  before. 


About  eleven  of  the  clock,  the  moufe  in  the  comprefled  air,  flill  brea- 
thed ; but  about  four  in  the  morning,  he  was  found  dead,  in  the  lime 
pofture  wherein  he  was  feven  hours  before  : whence  we  may  conjecture, 
that  he  was  free  from  convulfive  fits. 

I muft  not  omit,  that  the  moufe,  in  the  common  air,  had  confumed 
fomething  of  that  air  ; fo  that  the  mercury  flood  at  29  inches,  and  when 
the  receiver  was  opened,  prefently  afcended  to  30. 

Hence  we  learn,  that  comprefled  air  feems  fitter  than  the  common,  to 
prolong  life  ; fince  the  one  moufe  lived  fo  much  longer,  tho’  only  a double 
quantity  of  air  was  included  in  the  receiver. 

I3*  I put  four  flies  into  a receiver,  and  afterwards  in-  Flic  sin  common 

truded  air,  till  the  mercury  rofe  fixty  inches  above  its  wonted  height  *,  and  and  comprefled 
at  the  fame  time,  included  three  other  flies,  in  another  receiver,  with*/r- 
common  air  not  comprefled. 

June  14.  In  the  morning  all  the  flies  were  well.  In  the  afternoon,  I 
found  two  of  them  dead  in  the  eomprefs’d  air  ; but  in  the  common,  they 
were  all  alive.  t About  five  o’clock,  one  of  the  flies,  in  the  comprefs’d 
air  was  alive,  and  three  in  the  common  air. 

June  15.  This  morning  I found  all  the  flies  in  common  air  dead  ; 
but  that  Angle  one  which  remain’d  alive  in  the  comprefs’d  air,  feem’d 
flill  to  be  very  well;  and  being  taken  out  of  the  receiver,  flew  brifkly 
away. 

Hence  it  feems,  that  flies  are  not  very  fenfible  of  the  air’s  compreflure  v 
and  that  they  die  more  for  hunger,  than  want  of  air:  for  the  fly  which 
remain’d  fo  long  well,  fed  upon  the  carcafles  of  thofe  which  were  dead  ; 
fo  that  fhe  feem’d  not  to  be  diftemper’d. 

(44.)  June  15.  I repeated  the  preceding  experiment,  only  including 
four  flies  in  each  receiver,  and  comprefling  the  air  fomewhat  more. 

June  1 6.  This  morning  I found  two  of  the  flies,  in  the  common  air, 
dead  ; and  but  one  in  the  comprefs’d  air. 

About  two  in  the  afternoon,  the  four  flies  in  the  common  air,  feeme4 
to  be  dead  *,  but  in  the  comprefs’d  air,  the  three  were  alive. 

Hence  the  compreflure  of  the  air  feems  of  fmall  confequence  to  flies  j 
and  indeed,  they  are  not  prejudiced  by  the  rarifa&ion  of  it,  without  great 
difficulty,  and  unlefs  there  be  almofl  a compleat  vacuum. 

(45 .)  June  1 3.  I included  two  frogs  in  two  receivers,  and  flopped  them  Frogs  in  com- 
by  the  help  of  fcrew.s  •,  the  one  only  contain’d  common  air,  the  other,  CQ}*' 

air  comprefs’d,  till  it  fuftain’d  fevetity  inches  of  mercury.  *"  ‘ 

June  19.  Both  the  frogs  were  alive  ; and  the  height  of  the  mercury,  in 
both  receivers,  remained  the  fame. 

June  20.  Neither  of  the  frogs  were  dead  ; and  they  feemed  rather  to 

dimi- 
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j t^ian  increa^  the  air  : but  the  difference  was  fo  fmall,  that  I dare 

not  pofitive  therein. 

June  21.  in  the  morning,  both  the  frogs  were  alive  ; but  towards  even- 
ing, that  in  the  common  air  was  found  dead. 

June  22.  At  evening  the  frog  in  the  comprefs’d  air,  was  alive. 

June  23.  In  the  morning  I found  it  dead. 

Oranges  in  (46.)  June  1 8.  1 677.  I fhut  the  two  halves  of  the  fame  orange,  in 
^mprefTe71/ air  two  receiV€rs?  an<^  topped  them  by  the  help  of  fcrews  ; the  one  with  com- 
mon air,  the  other,  with  air  comprefs’d  to  fuftain  ninety  inches  of  mer- 
cury. 

June  22.  This  morning  I found  the  orange,  in  the  common  air,  moul- 
dy *,  but  the  other  was  found. 

At  three  in  the  afternoon,  the  orange  in  the  comprefs’d  air,  feemed 
alfo,  to  have  contracted  fome  mucor. 

June  23.  The  orange  in  the  common  air  was  far  more  mucid  than 
the  other. 

June  24.  The  orange  in  the  common  air,  did  not  increafe  its  mouldi- 
nefs ; but  the  other  was  cover’d  all  over  with  it. 

June  28.  The  mouldinefs  produced  in  the  common  air,  was  now 
wholly  vanifhed  ; in  the  other  receiver,  I perceiv’d  no  further  alteration 
in  the  fruit. 

June  30.  Both  remaining  in  the  fame  ftate,  I took  them  out.  The  part 
which  was  kept  in  common  air,  feemed  half  rotten;  but  the  other,  be- 
lides  its  finew,  appear’d  wholly  putrified. 

Hence  ’tis  confirm’d,  that  the  quantity  of  the  mouldinefs  depends  on 
the  quantity  of  the  air. 

It  feems  alfo  worth  obferving,  that  the  mouldinefs  appear’d  a little 
later  in  the  comprefs’d  air,  that  in  the  common,  tho’  afterwards,  it  in- 
•creafed  much  more. 

Rojes  in  com-  (47-)  June  29*  1677.  I included  rofes  in  two  receivers,  (lopp’d  by  the 
mon  and  com-  help  of  fcrews  ; I left  one  with  common  air  only,  but  filled  the  other  with 
prejjed  air.  f0  much,  that  the  mercury  afeended  ninety  inches  above  its  ufual  height. 

July  14.  Four  or  five  days  ago,  I found  the  rofes,  in  the  comprefs’d 
air,  wither’d,  and  degenerated  to  a yellow  colour.  There  was  not  the 
lead  alteration  in  the  other  receiver. 

July  1 7.  When  I perceived  that  this  experiment  proceeded  after  the 
fame  manner  as  that  above-mention’d,  I took  out  the  rofes.  Thofe  kept 
in  the  comprefs’d  air,  were  very  much  corrupted,  and  of  a very  ungrate- 
ful fmell  ; but  the  others  were  little  alter’d,  and  their  feent  not  unpleafant. 

Hence  we  have  a further  confirmation,  that  the  quantity  of  corrup- 
tion depends  on  the  quantity  of  the  air. 

Ummons  in  (48 .)  July  4.  I cut  a lemmon  afunder,  and  put  the  halves  into  two 
common  and  receivers,  to  be  flopp’d  by  fcrews;  the  one  I left  with  common  air 
eomprejfed  air.  only,  but  the  other  was  fill’d  with  fo  much  comprefs’d  air,  that  it  fu- 
flain’d  ninety  inches  of  mercury  above  its  ufual  flandard* 
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Julyy.  This  day,  both  pirts  of  the  lemon  Teem’d  to  grow  mouldy  atPxEUMAT^* 
the  fame  time.  ^ 

July  1 7.  That  in  the  comprefted  air  had  contracted  much  more  hoar 
than  the  other ; and  perceiving  no  farther  alteration,  I took  them  out, 
and  found  the  lemon,  in  the  comprefted  air,  far  more  putrid  than  the 


other. 

Hereby  it  is  confirm’d,  that  the  quantity  of  corruption  depends  on  the 
quantity  of  the  air. 

It  Teems  alfo,  that  a triple  compreftion  of  the  air,  in  refpedt  of  a lemon, 
is  too  weak,  fenfibly  to  retard  the  produ&ion  of  a finew. 

(49. ) July  18.  1 677.  I included  two  parcels  of  July- flowers,  equal  in  July -flowers 
number,  in  two  equal  receivers,  and  ftopt  them  clofe  with  Tcrews  *,  I fill’d  in  common  and 
the  one  with  comprefTed  air,  till  it  fuftain’d  an  hundred  inches  of  mercury  comPreJfed  alr* 
extraordinary  ; but  the  other  was  left  with  common  air  alone. 

July  23.  In  the  comprefTed  air,  the  July-flowers  fhew’d  fome  hoarinefs ; 
the  others  appear’d  only  moifl  *,  but  the  mercury  exceeded  its  wonted 
height  only  feventy  inches ; for  Tome  of  the  air  had  got  out. 

July  25.  In  the  comprefTed  air,  the  July-flowers  proceeded  to  corrupt 
much  fafter  than  the  others.  They  had  wholly  loft  their  colour. 

July  26.  In  the  comprefTed  air,  the  July-flowers  were  wholly  putre- 
fied, and  cover’d  with  a hoary  finew  *,  the  others  were  moift  only  in  Tome 
places. 

Auguft  1 . Perceiving  no  farther  alteration,  I took  the  flowers  out  of 
their  receivers  ; thofe  which  were  kept  in  comprefs’d  air  were  rotten,  and 
fetid  ; the  other  kept  their  colour,  and  their  fmell  was  not  offenfive  j but 
they  were  moift. 

And  this  is  a farther  confirmation,  that  the  quantity  of  the  air  increafes 
corruption. 

We  may  alfo  obferve,  that  the  mouldinefs  is  not  produced,  but  in 
comprefs’d  air  *,  nor  is  it  probable,  that  this  happen’d  by  chance  ; Tince, 
in  each  receiver,  there  were  three  or  four  July-flowers  included. 

(50,)  July  21.  1677.  I included  a fhrew-moufe  in  a receiver,  with  A Jbrew-moufi 
common  air,  and  fhut  him  in  firmly  with  a Tcrew,  to  try  whether  he  would  confined  in 
produce,  or  confumeair.  common  air. 

After  two  hours,  the  moufe  died,  and  fome  air  was  confumed  ; but  a 
lefs  quantity  than  in  the  former  experiment  of  this  kind. 

July  24.  Hitherto  I found  no  change  in  the  height  of  the  mercury. 

Towards  evening,  it  Teemed  a little  higher. 

July  25.  This  morning  much  air  was  produced  denovo . 

July  26 . The  quantity  of  the  produced  air  increafed. 

Hence  we  have  a confirmation,  that  living  animals  confume  air ; but 
dead  ones  produce  new. 

(5 1.)  Auguft  31.  I put  pears  into  a receiver  •,  whereto,  after  it  was  well  Pears  in  com - 
ftopt,  I added  as  much  air,  as  fufficed  to  fuftain  thirty  inches  of  mercury,  prefs'd air . 
extraordinary. 

September  i.  The  mercury  was  deprefs’d, 
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Sept.  2.  The  height  of  the  mercury  decreafed  ; it  exceeded  not  twenty- 

five  inches. 

Sept.  3.  1 he  mercury  rofe  one  inch  higher  ; and  (laid  at  26. 

Sept.  4.  The  height  thereof  was  28. 

Sept.  8.  The  receiver  leaking,  I putin  new  air  ; and,  this  day  open- 
ing the  receiver,  to  compare  the  tafte  of  this  fruit  with  that  of  the  other  ; 
I found,  that  five  of  the  pears  had  loft  their  firmnefs,  but  two  retain’d  it. 

Auguft  3 1 . I included  pears,  of  the  fame  kind,  in  another  receiver, 
with  common  air  only,  not  comprefs’d. 

September  1 . The  mercury  was  a little  deprefs’d,  as  if  it  had  been  ki 
comprefs’d  air  *,  the  caufe  whereof  might  be  only  the  cold. 

Sept.  2.  The  mercury  varied  not. 

Sept.  3.  The  height  of  the  mercury  was  one  inch  above  the  ufual  ftan- 
dard. 


Sept.  4 
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Sept.  8.  The  height  of  the  mercury  was  twenty.  The  pears  being  taken 
out  of  the  receiver,  had  preferved  their  tafte  much  better  than  thofe  in- 
cluded in  vacuo.  They  alfo  retain’d  their  firmnefs. 

Auguji  31.  I included  pears  of  the  fame  fort  in  vacuo  •,  but  fome  external 
air  brake  in,  and  the  height  of  the  mercury  was  one  inch. 
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kept  their  firmnefs,  but  loft  much  of 


The  pears  being  taken  out, 
their  tafte. 

Hence  it  feems  to  follow,  that,  in  a greater  comprefiiire,  a Iefs  quantity 
of  air  is  produced. 

A f mall  bird  in  (52.)  December  7.  I fiiut  up  a fmall  bird  in  a receiver,  capable  of  holc^- 
umprejjed  air.  jng  twenty  ounces  of  water.  The  bird  began  to  be  ill,  before  I had  let 
the  fcrew  ; but,  after  1 had  intruded  fo  much  air,  as  to  fuftain  thirty 
inches  of  mercury,  above  its  wonted  height,  fhe  feemed  to  recover; 
but,  foon  after,  began  again  to  be  fick:  and,  therefore,  I intruded  air  the 
fecond  time,  till  the  mercury  refted  forty-five  inches  above  its  ufual  height ; 
whereby  the  bird  was  again  reftored  : but,  in  a little  time,  fhe  began  to 
gafp  again ; then,  opening  the  receiver,  after  fhe  had  ftaid  in  it  twenty- 
eight  minutes,  fhe  flew  out,  and  was  very  well. 

A Jhrew-moufe  ( 53.)  January  20.  1678.  I put  a fhrew-moufe  into  the  receiver  of  the 
in comprejfed  wind-gun,  above  defcribed  ; and,  immediately,  fo  far  condens’d  the  air, 
till  it  was  reduced  to  about  the  twentieth  part  of  its  fpace : then  I prefen  t- 
ly  difcharged  that  air,  and  the  elliptic  hole  being  open’d,  I fufpe&ed  that 
the  moufe  had  been  only  a little  convulfed  ; but,  when  he  was  taken  out, 
there  were  no  figns  of  life  in  him.  Whether  the  caufe  of  his  death  were 
to  be  afcribed  to  the  narrownefs  of  the  receiver,  or  to  the  compreffure 
©f  the  air*  is  a queftion. 
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I put  another  moufe  into  the  fame  receiver  5 and  the  air  being  reduced 
to  a third  or  fourth  part  of  its  natural  fpace,  I opened  the  receiver,  but 
not  fo  carefully  as  in  the  former  experiment  ; yet  the  moufe,  taken  out 
therefrom,  was  found  to  be  very  well. 

I afterwards  repeated  the  experiment ; the  air  being  about  feven  or 
eight  times  condens’d  ; and  the  moufe  feem’d  to  fuffer  no  inconvenience 
thereby. 

I made  the  fame  experiment  again,  in  air  comprefted  feven  times,  and 
left  the  moufe  included  for  twenty-four  minutes ; which  time  being  elapfed, 

I difeharged  the  air,  and  opening  the  hole,  perceiv’d  the  moufe  to  fetch 
many  deep  groans,  as  it  were  : 1 took  him  out,  but  he  could  not  recover. 

Hence  it  is  manifeft,  that  a great  comprelfion  of  air  is  pernicious  and 
deftrudtive  to  animals. 

(54..)  January  28.  1678.  I put  a fhrew-moufe  into  a glafs,  to  whofe  AJhrew-muJk 
neck  we  tied  a bladder,  that  flopp’d  the  orifice.  Thefe  were  put  into  a re* in.  condenFd 
ceiver  for  comprefling  of  the  air.  Soon  after,  when  the  moufe  began  to 
be  fick,  I cotnprefled  the  air,  and  the  bladder  was  flraitned  ; fo  that  the 
moufe  was  in  condenfcd  air,  whilfl:  no  new  air  could  pafs  to  him  : 
then  he  feem’d  to  be  much  better,  and  his  heart  beat  lefs  frequent  ; when, 
opening  the  receiver,  he  was,  in  a fhort  time,  as  well  as  ever. 

I repeated  the  experiment,  and  left  the  moufe  fo  long,  that  he  could 
hardly  breathe,  whilfl:  I began  to  comprefs  the  air  ; and  the  compreflure 
feem’d  again  to  abate  his  refpiration  ; the  receiver  being  open’d,  and  the 
moufe  expofed  to  the  air,  he  could  not  breathe  much  more  freely  ; but  if 
I blew  the  air  on  him  with  bellows,  he  feem’d  to  be  fomething  reliev’d. 

Being  again  committed  to  the  comprefs’d  air,  he  breath’d  lefs  frequently, 
and  at  lafl  died. 

March  25.  Becaufe,  in  the  preceding  experiment,  it  was  not  clear,  whe- 
ther the  air  enter'd  thro’  the  ligature  of  the  bladder,  I ufed  the  inflru- 
mentdeferibed,  Fig.  79.  And  when  I perceiv’d  the  moufe  was  fick,  and 
breathed  feldom,  I intruded  water  into  the  receiver,  fo  that  the  air  was 
reduced  to  half  of  its  fpace  ; and  then,  the  moufe  breath’d  more  rarely. 

But  if,  extracting  the  water,  I left  the  whole  fpace  entire  for  the  air,  his 
refpiration  feem’d  more  vivid  ; and  the  air  being  thus,  many  times,  con- 
tracted and  dilated,  the  fick  moufe  feem’d  to  refpire  more  freely  in  the 
common  air  than  in  the  comprefled.  Whence,  I conjectur’d,  that  air  is 
to  animals,  like  food  * the  quantity  whereof  ought  to  bear  fome  propor- 
tion to  their  ftrength.  And,  that  I might  more  certainly  know  this,  I 
put  the  fame  moufe  into  my  pneumatic  engine,  and  rarify’d  the  air,  fo 
that  it  poflfefs’d  more  than  double  the  ufual  fpace.  Whilfl:  the  air  was  ^rti^ialaC 
rarifying,  the  moufe  prefently  began  to  be  better;  yet,  a little  while  “upon  animals-* 
after,  he  feem’d  fick  : and  when  the  air  was  reftor’d,  it  no  wife  affected  and,  firjt , up - 


him.  I thus  repeated  the  rarifaction  three  times,  with  the  fame  fuccefs  \ f bee !nc.{lt~ 
but,  at  laft,  the  moufe  died. 

(55>)  May  5.  1677.  I put  a bee,  with  diftill’d  vinegar,  and  pulveriz’d  and  powder'd 
coral,  into  a receiver  ; anc}  the  air  being  wholly  exhaufled,  I order’d  the  coral. 

Gggg  2 matter 
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Pneumatics  matter  fo,  that  the  coral  fell  into  the  glafs  of  vinegar : but  the  air,  pro- 
duced  from  thence,  did  not  reftore  any  power  of  motion  to  the  bee  ; 
but,  when  (he  was  expofed  to  the  open  air,  fhe  foon  began  to  move  herfelf. 

Hence  a fufpicion  arifes,  that  artificial  air  is  unfit  to  preferve  the  life  of 
animals. 

Flies  in  arti-  (56-)  Auguft  12.  1676.  I put  two  flies  into  a receiver,  and,  exhaufting 
fcial  air  of  the  common  air,  fubftituted,  in  its  (lead,  air  produced  from  goosber- 
gooiberries . ries,  till  it  fuftained  twenty-fix  inches  of  mercury. 

Afterwards,  1 put  two  other  flies,  alfo,  in  vacuo  ; but  with  this  diffe- 
rence, that  I let  fo  much  common  air  into  them,  as  could  fuftain  twenty- 
three  inches  of  mercury. 

Within  a quarter  of  an  hour,  the  latter  flies,  upon  the  reftitution  of 
the  air,  recovered  that  power  of  motion,  which  they  had  loft  in  vacuo , and 
flew  about  in  the  rarified  air  •,  but  the  former  lay  without  any  motion,  tho* 
they  had  received  a greater  quantity  of  air. 

Aug.  13.  The  flies,  in  the  artificial  air,  feem’d  ftill  dead  ; but  the  c- 
thers  were  lufty. 

The  flies,  taken  out  of  the  artificial  air,  and  expofed  to  the  common 
air,  remain’d  fo,  all  this  whole  day,  without  recovering  life. 

Aug.  18.  I repeated  the  experiment,  with  the  fame  fuccefs ; tho’  I had 
reftored  a greater  quantity  of  artificial  air. 

Hence  we  have  an  high  confirmation,  that  artificial  air  is  noxious  to 
animals. 

Flits  included  ( 57. ) June  22.  1 677.  I put  pafte  into  three  receivers,  out  of  which,  I, 

with fre  in  afterwards,  exhaufted  the  air. 

^AiStffap1  June  23.  When  the  three  receivers  did,  this  day,  regurgitate  with  air 
t J ''  produced  from  the  pafte,  I kindled  a perfumed  cone,  and  put  it  into  one 
of  the  receivers  ; which  being  prefently  ftopt,  the  fire,  within  one  minute, 
went  out:  then,  by  blowing,  I expell’d  the  artificial  air  from  the  recei- 
ver, and  put  fire  into  it,  as  before,  and  it  burn’d  bright  for  a confiderable 
time  ; tho’  I had  ftiut  the  receiver  as  fpeedily,  and  as  accurately,  as  be- 
fore. 

I made  another  experiment,  after  the  fame  manner,  with  a fly  ; and,  in 
the  artificial  air,  flie  prefently  feem’d  to  be  dead  •,  but,  afterwards,  being 
expofed  to  the  fun,  fhe,  in  a fhort  time,  grew  well  again.  Then  1 blow’d 
common  air  into  the  receiver  ; but  the  fly,  included  as  before,  fuffer’d  no 
inconvenience  thereby. 

I repeated  the  fame  experiment,  with  the  fame  fly,  in  the  third  re- 
ceiver, fill’d  with  artificial  air,  with  the  fame  fuccefs  ; only  this  fly,  when 
taken  from  the  artificial  air,  could  not  be  reftored,  without  longer  time, 
becaufe  (lie  was  left  longer  therein. 

Hence  it  appears,  that  fa&itious  air  is  prejudicial  to  fire,  as  well  as  to 
the  life  of  animals. 

June  25*  1677.  I put  pafte  into  four  receivers;  and  totally 
tjtartijuta  exhaufting  the  air  from  two  of  them,  1 pump’d  out  only  half  the  air  from 
the  other  two. 
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June  26.  I found  the  two  receivers,  which  I had  left  half  full  of  com-  p nematics 
mon  air,  to  be  quite  fill’d  with  air  newly  produced  ; but  know  not  whe- 
ther  they  had,  for  fome  time,  regurgitated  or  no,  fo  that  the  quantity  of 
common  air  was  much  diminifh’d.  However,  I put  two  flies  at  once  into 
one  of  the  receivers,  after  the  manner  before  described  * and  foon  after 
they  touch’d  the  bottom  of  the  receiver,  they  remain’d  without  motion. 

I put  a third  fly  into  the  receiver,  after  the  fame  manner,  and  found  (he 
liv’d  a little  longer  there  than  the  former.  A fourth  fly  being  put  in, 
maintain’d  her  life  longeft  of  all ; yet  at  lad  differing  fome  convulfions, 

Ihe  lay  movelefs  on  her  back.  All  the  flies,  after  fome  (lay  in  the  artifi- 
cial air,  being  taken  out,  and  expofed  to  the  common  air,  grew  well  in  a 
fhort  time. 

I made  the  fame  experiments  in  another  receiver,  half  full  of  artificial 
air,  and  in  a manner  with  the  fame  fuccefs  ; but  the  flies  in  that  receiver, , 
into  which  only  common  air  was  admitted,  foon  recovered  their  ftrength 
and  motion. 

June  27.  I found  one  of  the  receivers,  which  was  wholly  evacuated  of 
common  air,  to  be  full  of  artificial  air  ; but  it  being  cafually  thrown  down 
upon  the  ground,  entrance  was  thereby  given  to  the  external  air  ; yet  I 
put  a frog  into  it,  which  feemed  not  to  be  very  fick  therein. 

June  30.  The  fourth  receiver,  by  the  power  of  the  produced  air,  feem’d 
at  length  forc’d  away  from  its  cover.  I put  a frog  into  it,  and  fhe  fell  into 
high  convulfions  for  5 minutes  fpace  ; and  then  lay  without  motion.  In  4 
minutes  after  I opened  the  receiver,  and  taking  out  the  frog,  fhe  remain’d 
for  46  minutes  without  motion  ; but  afterwards,  in  4 or  5 minutes  more, 
fhe  grew  very  well. 

Hence  it  is  evident,  that  artificial  air  is  very  hurtful  to  the  life  of 
animals;  but  that,  if  mixed  with  common  air,  it  doth  not  fo  readily 
produce  its  effects, 

(59.)  June  28.  1677.  I put  pafte  into  four  receivers,  three  of  which 
I caufed  to  be  wholly  exhaufted  of  common  air ; but  the  fourth  was 
left  half  full  of  air. 

Jane  29.  One  of  the  receivers  that  were  wholly  exhaufted,  was  found 
full  of  air,  newly  produced  ; and  a frog  being  put  into  it  for  4 or  5 mi- 
nutes, had  ftrong  convulfions  ; then  for  one  minute  fhe  lay  without  mo- 
tion ; whereupon  I took  her  out,  and  in  5 minutes  fhe  began  to  move, 
and  a while  after  became  well  again. 

I took  another  receiver,  fill’d  with  artificial  air,  and  putting  a frog 
into  it,  in  7 minutes  fhe  ceafed  to  be  convulfive.  And  afterwards, 
when  fhe  had  lain  one  minute  there  without  motion,  I opened  the  recei- 
ver, and  taking  her  out,  found  that  fhe  began  to  flruggle  and  move  ; tho5 
1 judg’d  thofe  motions  to  be  the  remains  of  her  convulfions  ; for  after 
that,  fhe  continued  movelefs  for  half  an  hour  and  more  ; yet  at  laft  fhe 
grew  well  again. 

The  receiver,  from  which  I exhauffed  only  half  its  air,  had  fo  long 
regurgitated  with  produced  air,  that,  very  probably,  much  common  air 

had 
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-had  got  out  together  with  it.  A frog  being  put  into  it,  feem’d  to  be 
vehemently  moved  and  convulfed  for  io  minutes,  as  the  reft  did,  and  then 
fiie  Teemed  quite  dead  •,  but  after  a full  minute  I opened  the  receiver, 
when  the  frog,  being  expofed  to  the  open  air,  within  a quarter  of  an 
hour  began  to  move. 

I put  a frog  into  a receiver,  full  of  common  air,  to  try  whether,  the 
pafte  being  now  taken  out,  fhe  would  live  any  longer  there. 

July  i.  In  the  afternoon  I found  her  dead,  tho*  fhe  breathed  in  the 
morning  * fo  that  fhe  liv’d  about  48  hours. 

June  30.  I put  a frog  into  the  fourth  receiver,  which  was  wholly  fill’d 
with  artificial  air  ; for  7 minutes  and  an  half  fhe  was  vehemently  convul- 
five,  and  at  Lift  died  ; then,  after  two  minutes,  fiie  was  taken  out,  but 
recovered  no  motion  at  all. 

July  1.  Perceiving  the  frog  to  remain  in  the  fame  pofture,  I threw  her 
away. 

Hence  we  have  a confirmation,  that  artificial  air  is  the  more  hurtful 
to  animals,  the  fieer  it  is  from  common  air. 

AJbrew-moufe , (60.)  June  3°-  I included  pafte  in  two  receivers,  and  then  exhaufted 

fnaiUand flies]  the  air. 

in  artificial  July  4.  I put  a fiirew-moufe  into  one  of  the  receivers,  filled  with  arti- 
mr  °f  Pafle-  ficial.air,  where  he  Suffered  vehement  convulfions,  and  in  one  minute  died. 

I prefently  took  him  out,  and  expofed  him  to  the  common  air  \ but  no 
.power  of  motion  could  be  thereby  recovered. 

Then  I took  the  other  receiver,  and  putting  a fnail  into  it,  with  fome  . 
wonder  obferved,  that  he  continued  to  move  very  ftrongly  for  a whole 
quarter  of  an  hour ; but  afterwards  his  motion  was  flower,  till  in  about 
another  quarter  of  an  hour  he  Jay  ftill,  as  if  he  were  dead  ; but  then 
being  taken  out  of  the  receiver,  and  expofed  to  the  air,  he  foon  grew 
well. 

I put  flies  into  the  fame  receiver  *,  but  now  it  had  admitted  too  great 
a quantity  of  external  air,  for  the  flies  received  no  hurt. 

Hence  we  gather,  that  artificial  air  kills  animals  by  fome  venomous 
quality,  and  not  only  by  the  defedt  of  common  air  ; for  the  fnails  liv’d 
•longer  in  vacuo. 

A frog  In  air  (61.)  July  5.  1677.  I took  a receiver  filled  with  air  produced  from 
Vberrti  cherries,  and  transmitted  it  out  of  that  into  another  receiver,  full  of 
common  air,  in  which  a frog  was  kept *,  matters  were  fo  order’d,  that 
the  water  gave  place  only  to  the  artificial  air  entring  in  ; and  the 
water  itfelf  flowed  out.  And  thus  the  frog,  being  included  in  pure  ar- 
tificial air  for  a quarter  of  an  hour  and  more,  fullered  convulfions,  and 
at  laft  lay  ftill,  without  motion  *,  yet  being  afterwards  taken  out,  and 
.expofed  to  the  open  air,  fiie  grew  quickly  well. 

Hence  it  feems  probable,  that  air  produced  from  cherries,  is  lefs 
Flies y and  a hurtful  to  frogs  than  that  produced  from  pafte. 

inartificial  fiz*)  J^ly  9.  1 677.  I put  goofeberries  into  three  exhaufted  recei- 

air  of  goofs - ^TS.  J^ty 

berries. 
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July  20.  I found  one  of  them  fevered  from  its  cover,  by  the  force  of 
the  produced  air  ; I caft  a fly  into  it,  which  died  inftantly  ; a fecond  fly 
being  likewife  caft  into  the  receiver,  prefently  died  ; a third  put  into  the 
fame,  feemed  for  a little  while  to  be  convulfive,  but  lefs  than  a fourth  fly 
that  I included  therein  *,  which  yet  in  one  quarter  of  a minute  lay  move- 
lefs.  Afterwards  I difpelled  the  artificial  air  out  of  the  receiver,  by  blow- 
ing, and  in  a little  time  the  flies  grew  well. 

July  24.  I took  another  receiver,  filled  with  air  produced  from  goofe- 
berries ; and  putting  a fhrew-moufe  into  it,  found  that  he  died  there  in 
half  a minute. 

Probably  therefore  the  air  produced  from  fruit,  is  lefs  hurtful  to  ani- 
mals than  that  produced  from  minerals ; for  on  the  20th  day  of  July  I 
found  that  a moufe  lived  not  above  a quarter  of  a minute  in  air  produced 
from  gun-powder. 

(63.)  July  5.  1 677.  I included  pafte  in  four  exhaufted  receivers. 

July  6.  One  of  them  being  filled  with  factitious  air,  was  forced  from 
its  cover,  which  I again  flopped  ; yet  not  fo  foon,  but  fome  common  air 
might  mix  with  the  artificial ; I put  a fhrew-moufe  into  it,  which  was 
prefently  highly  convulfed,  and  after  one  minute  and  an  half  remained 
movelefs  ; and  being  prefently  taken  out,  he  feemed  to  have  fome  con- 
vulfive motions,  and  died. 

July  7.  I took  a fecond  receiver,  filled  with  artificial  air;  and  having 
included  a little  bird  therein,  fuddenly  ftopt  it ; fhe  prefently  fell  into  con- 
vulfions,  and  within  about  a quarter  of  a minute  died,  I took  her  out, 
but  it  was  too  late,  for  fhe  never  ftirred  after. 

I blew  out  the  artificial  air  from  the  receiver,  and  then  another  bird 
of  the  fame  kind  being  put  in,  was  very  well,  tho’  fhe  ftaid-  there  four 
minutes. 

July  9.  I took  a third  receiver  full  of  artificial  air,  and  put  that  bird 
into  it,  which  in  the  laft  experiment  had  continued  well,  and  yet  feemed 
to  be  lively  and  found  ; before  fhe  had  been  there  a full  quarter  of  a mi- 
nute, fhe  lay  without  motion  ; and  being  prefently  taken  out,  there  ap- 
peared no  fign  of  life  in  her. 

In  the  afternoon  I put  an  adder  into  my  fourth  receiver,  and  within  two 
minutes  he  began  to  be  fick,  to  gape  and  pant;  yet  he  was  not  wholfy 
deprived  of  motion  till  after  24  minutes.  Then  in  6 minutes  more  I took 
him  out  of  the  receiver,  motionlefs  as  he  was,  and  expofed  him  to  the 
free  air,  but  he  did  not  recover. 

July  10.  The  adder  remained  in  the  fame  ftate,  and  gave  no  figns  of 
recovery. 

(64.)  July  12.  1678.  I put  a bird  into  a receiver  full  of  air  produced 
from  raifins  of  the  fun  ; fhe  died  in  a quarter  of  a minute  ; and  tho’  I took 
her  out  prefently,  yet  fhe  never  ftirred  more. 

July  18.  I likewife  put  a fhrew-moufe  into  a receiver  full  of  air,  pro- 
duced from  raifins  of  the  fun  ; but  a thread,  left  on  the  edge  of  the  recei- 
ver, hinder’d  me  from  flopping  it  clofe  5 yet  the  moufe  prefently  began 
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a bird,  and  an 
adder , in  arti- 
ficial air  of 
pafie . 


A bird  and  a 
Jhrezu-moufe , 
in  artificial 
air  of  raifint. 
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pneumatics  to  be  very  ill,  and  after  two  minutes  he  lay,  as  it  were,  without  any  mo* 
tion  ; yet  being  taken  out,  he  was  well  again  in  2 or  3 minutes  time. 


Shrew-mice  (65.)  October  1.  1678.  About  10  in  the  morning  I included  a fhrew- 
v! eluded  in  nl0lIpe  with  common  air  in  a receiver,  fortified  againft  the  external  air; 

7 ' ' ‘ about  11  the  moufe  could  hardly  breathe;  I threw  another  ftrong  lufty 

moufe  into  the  fame  receiver,  and  prefently  put  on  the  cover  ; but  the 
firft  moufe  having  confumed  fome  of  the  air,  the  external  air  was  forcibly 
impelled  into  the  receiver,  and  fo  difpelled  a great  part  of  the  air  ftagnant 
there  ; upon  which  the  firft  moufe  feemed  to  be  much  better  ; neither  did 
he  die  much  fooner  than  the  other,  but  both  of  them  died  about  noon. 
About  4 in  the  afternoon  I put  another  ftrong  moufe  into  the  fame  recei- 
ver, and  left  the  external  air  might  again  expel  the  included  air,  I put 
him  in  very  leifurely  • this  third  moufe  lived  not  3 minutes  entire. 

Whence  we  may  conjecture,  that  the  portion  of  air  which  hath  once  fer- 
ved  for  the  refpiration  of  animals  as  much  as  it  could,  is  no  longer  ufeful 
for  the  refpiration  of  another  animal,  at  leaft  of  the  fame  kind. 


Snails  in  fa- 
ctitious air 
pafte.* 


Snails  in  the 
factitious  air 
of  peafe. 


(66.)Jpril  28.  In  the  morning  I put  fo  great  a quantity  of  pafte  into  an 
c/exhaufted  receiver,  that  in  the  afternoon  I found  the  receiver  full  of  facti- 
tious air ; whereupon  I put  a fnail  into  it,  which  prefently  frothed  very 
much,  and  often  expanded  and  contracted  itfelf ; but  in  four  minutes  he 
ceafed  to  move  ; yet  I took  him  not  out  till  he  had  ftaid  in  the  receiver  for 
a quarter  of  an  hour  ; and  then  being  releas’d,  he  feem’d  as  if  quite  dead  ; 
for  tho*  he  were  prick’d  with  a pin,  yet  he  difeovered  no  fign  of  life ; tho’ 
after  another  quarter  of  an  hour,  being  prick’d  in  the  fame  manner,  he 
moved  a little. 

I blew  out  the  factitious  air,  and  put  in  another  fnail ; he  remained  very 
well  in  the  receiver,  and  did  not  froth  at  all. 

Hence  we  have  a confirmation,  that  factitious  air  is  a greater  enemy  to 
animals,  than  a vacuum. 

(67.)  June  22.  1678.  In  the  morning  I put  green  peafe  into  an  ex- 
haufted  receiver,  and  towards  evening  the  mercury  had  almoft  attain’d 


the  height  of  10  inches. 


The 


height  of  the  mercury  was  almoft  30  inches. 


June  23, 

June  24.  The  mercury  did  not  yet  exceed  30  inches  in  height.  The 
.cover  no  longer  ftuck  to  the  receiver,  yet  nothing  hitherto  had  efcap’d. 

June  2 6.  1 included  the  fame  peafe  in  the  fame  evacuated  receiver. 

July  29.  When  I now  found  that  the  receiver  was  fill’d  with  factitious 
air,  I thruft  a fnail  into  it,  which  froth’d  much,  and  very  often  (hot  out 
and  contracted  his  horns ; but  in  6 minutes  time  he  lay  (till,  as  if  he  had 
been  dead,  and  continu’d  thus  for  2 or  3 minutes  ; then  the  receiver  being 
opened,  and  the  fnail  taken  out,  moved  himfelf  a little  if  he  were  prick’d. 
Whence  it  feems  to  follow,  that  air  produced  from  peafe  is  lefs  preju- 
dicial to  fnails,  than  air  from  pafte.  I blew  new  air  into  the  receiver, 
and  a fnail  then  put  into  it,  did  very  wrelk 

In 
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In  this  experiment  ic  feems  obfervable,  that  peafe  quickly  produce  air  P™ATICI 
in  vacuo  ; but,  that  in  theufuai  eompreflure  of  air,  they  generate  little. 

(68.)  June  22.  1676.  I put  a butter- fly  into  an  exhaufted  receiver,  and  Animals  in  va- 
il was  almoft  three  hours  before  he  was  wholly  deprived  of  motion  ; cuo>  andfirft* 
at  length,  perceiving  him  to  lie  unmov’d,  I let  the  air  into  the  receiver, a utter‘W' 
and  prefently  the  butter-fly  moved.  Then  I bound  him  by  one  of  his 
horns,  with  a thread,  and  fufpended  him  in  the  receiver  ; when,  he  was 
carried  very  freely  from  one  part  of  it  to  the  other,  by  the  motion  of  his 
wings 3 but,  after  the  air  was  extracted,  the  clapping  of  his  wings  was  in 
vain,  for  he  could  not,  in  the  lead,  move  the  thread  from  its  perpendicu- 
lar pofture. 

(69.)  July  12.  1676.  Yefterday  I put  two  flies  into  a receiver,  in  which  Flies  in  are- 
I left  t of  air,  (i.e.)  as  much  as  would  fuftain  ten  inches  of  mercury  ; cewer  partial- 
the  biggeft  of  the  flies  feem’d  to  die  prefently  ; but  the  other,  which  was ly  evacuated' 
a fmali-bodied  one,  lived  almoft  twenty-four  hours. 

When  both  the  flies  lay,  as  if  they  were  dead,  I fuffer’d  fome  air  to  en- 
ter in  \ the  mercury  was  fifteen  inches  high,  when  the  leflfer  fly  began  to 
move  her  feet,  but  the  other  continued  ftill  without  motion. 

Hence  it  appears,  that  air,  highly  rarified,  may  ferve  for  infers  to 
breathe  in,  and  that  it  doth  not  kill  them  fo  foon  as  artificial  air. 

(70.)  May  1.  I put  two  fnails  into  an  exhaufted  receiver,  and,  for  a Snails  in  vu 
whole  hour,  they  feemed  to  be  well  enough,  and  crept  up  to  the  topofCU0* 
the  veflfel  3 but,  in  two  hours  time,  they  fell  down  from  thence,  and  lay 
without  motion. 

After  they  had  remain’d  in  vacuo  for  fix  hours,  I took  them  out,  and 
within  half  an  hour,  they  began  to  move  a little.  During  the  time  they 
were  included,  they  produced  near  as  much  air  as  fuftain’d  the  mercury 
at  the  height  of  a quarter  of  an  inch. 

Thefe  fnails  liv’d  longer  in  vacuo>  than  did  others  included  in  artificial 
air. 

(y  1. ) Auguft  12.  1676.  I put  the  eggs  of  flies  into  an  exhaufted  recei-  Flies  eggs  in 
ver,  to  try  if  they  would  there  produce  worms.  vacuo. 

Aug,  14.  Worms  were  formed,  but  the  air  had  crept  into  the  receiver, 
fo  as  to  fuftain  fifteen  inches  of  mercury. 

Hence  it  appears,  that  infedls  may  be  produced,  and  live,  if  not  in  va- 
cuo, yet,  at  leaft,  in  air  very  highly  rarified. 

Auguft  1 6.  1677.  I put  flies  eggs  into  an  exhaufted  receiver. 

Mo  worms  being  produced,  I admitted  the  air  into  the  receiver, 
and  left  all  things  in  the  fame  pofture,  to  try  whether  the  eggs  had  loft 
their  faculty  of  producing  worms. 

Sept.  9.  The  eggs  produced  nothing. 

This  experiment  feems  to  fhew,  that  infedls  may  be  generated,  and  live 
in  air  highly  rarified 3 but  not  at  all  in  vacuo . 

(72.)  March  17.  1 677.  I put  two  equal  quantities  of  frog- fpawn  into  Frcg-fpawnin* 
two  glafs  vefiels  of  equal  bignefs  ; I left  the  one  in  an  exhaufted  receiver,  ciuded™d 
expoied  to  the  fun  3 but  the  other,  being  in  a receiver  full  of  common  air,  c*°*  **  f* 
Vo  l.  II.  H h h h I 


602  Phyfico-mechan'ical  Experiments. 

Pneumatics  j fortified  againft  the  accefs  of  the  external  air.  The  frog-fpawn  tnva* 
cuo , all  fwell’d  into  bubbles. 

May  2.  No  frogs  were  produced  in  either  receiver  ; and  the  fpawn, 
kept  in  vacuo ,’  remain’d  dill  full  of  bubbles  : but,  about  three  days  ago, 
all  the  bubbles  vanifh’d,  and  the  fpawn  was  changed  to  a green  liquor. 

July  2.  The  receivers  remained  in  a window,  expofed  to  the  noon-day 
fun  ; fo  that  fome  water  mix’d  with  frog-fpawn  in  vacuo , and  the  very 
fpawn  itfelf  was  elevated  into  vapours  ; and  afterwards,  flicking  to  the 
fides  of  the  receiver,  out  of  its  own  vefifel,  was  there  condenfed  : but 
the  vefifel,  kept  in  the  common  air,  dill  contained  all  its  water,  together 
with  the  fpawn. 

A frog  in  va-  ( 73. J June  15.  I fhut  a frog  in  an  exhauded  receiver,  at  about  feven 

cuo.  0f  the  clock  in  the  evening,  and  about  nine  the  frog  died. 

June  16.  I repeated  the  experiment,  and  again  perceiv’d,  that  the  dead 
frog,  in  two  hours  fpace,  had  produced  fome  air,  rather  than  confumed 
it. 


Tly-blozoings 
in  vacuo. 


Vinegar- eels 
in  vacuo. 


June  18.  The  frog,  hitherto  left  in  vacuo,  was  fwollen  very  much; 
but  the  air,  now  entring,  made  her  far  more  flaccid  and  lank  than 
before. 

Hence  it  appears,  that  a receiver,  void  of  artificial  air,  is  lefs  hurt- 
ful to  fuch  kind  of  animals. 

( 74. ) Augufl  3.  1678.  I put  fly-blowings  upon  flefh,  into  an  exhauded 
receiver. 

Aug.  12.  No  worms  were  generated. 

Aug.  15.  Perceiving  no  change  in  the  eggs,  I open’d  the  receiver,  to 
try  whether  they  would  generate  in  the  free  air. 

Sept.  1 5.  Nothing  was  produced  from  them. 

Hence  we  fee,  that  animals,  which  may  be  generated,  and  live  in  high- 
ly rarified  air,  are  killed  in  vacuo . 

( 75 .)  Aug.  22.  1678.  I included  vinegar  full  of  fmall  eels,  or  vinegar- 
worms,  in  an  exhauded  receiver. 

Aug.  29.  The  worms  dill  moved,  but  were  fewer  than  at  firft. 

September  6.  Yederday  fome  of  the  worms  dill  moved,  but  now  I could 
not  fee  one  ; and  ufing  a microfcope,  I found  them  all  dead  : but,  in  the 
vinegar,  which  I had  left  in  the  open  air,  the  eels  had  as  brifk  a motion 
as  at  the  beginning. 

Hence  it  appears,  that  very  minute  animals  are  alfo  affe&ed  by  the 
prefence  and  abfence  of  the  air. 

(7 6.)  May  14.  1 took  a perfumed  cone,  which  being  once  kindled  in 
pejfed airland  the  free  air,  will,  by  degrees,  wholly  confume  ; and  put  it  into  a receiver 
onefTnckded  ^rm^Y  ftopt  with  a ferew  : then  I intruded  air  into  it,  till  the  mercury  rofe 
and  fired,  in  ’ one  hundred  and  twenty  inches  above  its  wonted  height ; when,  by  a burn- 
sondenfedand  ing-glad,  I kindled  the  cone,  which  prefently  darken’d  all  its  receiver  with 
lommon  air . fmoke,  and,  after  fome  time,  feven  eighths  of  an  inch  thereof,  in  length, 
were  reduced  toafhes;  but  taking  out  the  cone,  and  blowing  away  the 
afhes,  1 found  only  the  fuperficies  thereof  confumed  ; the  inner  parts  re- 
maining entirev  J 
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I included  another  cone  of  the  fame  fort  in  a much  greater  receiver,  but  Pneum  ATrc 
did  not  comprefs  the  air  therein : the  cone,  fir’d  by  the  fame  burning- 
glafs,  was  not  taken  out,  till  all  the  fumes  abated  and  fell  down  ; yet, 
much  lefs  of  this  cone  was  burnt,  than  of  the  former. 

(77 •)  May  19.  I weighed  a perfumed  ceneexa&ly,  and  then  firmly  in- 
cluded it  in  a receiver  with  common  air,  and  kindled  it  by  means  of  a 
burning-glafs ; when  the  fumes  were  condenfed,  I took  the  cone  out  of 
the  receiver,  and  found,  it  had  loft  of  its  weight,  almoft  one  grain. 

Afterwards,  the  fame  cone,  obferving  the  fame  circumftances,  was  a- 
gain  included  and  kindled  *,  but  firft  I had  intruded  as  much  air  into  its 
receiver  as  fuftain’d  ninety  inches  of  mercury  ; and  by  means  of  a pair 
of  fcales,  found  the  lofs  of  weight,  now,  to  be  four  times  more  than  before. 

Hence  it  feems  to  follow,  that  the  confumption  of  matter  by  fire  is 
greater  in  proportion  to  the  quantity  of  air  contained  in  the  receiver. 

(78.)  May  17.  1677.  I included  a perfumed  cone  in  a receiver  firmly 
ftopt  by  the  help  of  a fcrew  ; and  the  air  comprefted  to  fuftain  fixty  inches 
of  mercury  above  its  ufual  height,  I fir’d  it  with  a burning-glafs  ; the 
cone  being  afterwards  taken  out,  had  loft  three  grains  and  an  half  in 
weight. 

I repeated  the  fame  experiment  in  air,  fo  comprefiTed,  that  the  mercury 
reached  one  hundred  and  twenty  inches  higher  than  ufual ; then  the  cone 
was  feven  grains  and  three  quarters  lighter  and  fo,  tho5  the  quantity 
of  the  air  was  not  double,  yet  the  confumption  of  the  matter  by  fire,  was 
more  than  twice  as  much  as  in  the  former  experiment. 

May  17.  I made  the  fame  experiment  in  air  comprefted,  to  fuftain 
ninety-feven  inches  of  mercury  *,  and  then,  the  lofs  of  weight  feemed  to 
be  fix  grains. 

Hereby  we  are  taught,  that  the  matter  is  the  more  confumed  by 
fire,  as  the  comprefifure  of  the  air  in  the  receiver  is  the  greater  *,  or  rather, 
that  the  confumption  is  made  in  a proportion  greater  than  that  of  the 
comprefture. 

May  18.  1 677.  I intruded  a perfumed  cone,  as  before,  in  a receiver 
feven  times  larger  than  that  ufed  in  the  former  experiments,  and  crowded 
no  air  at  all  into  it.  The  cone  kindled  there,  loft  three  grains  and  a quar- 
ter of  its  weight  •,  whereas,  in  the  fame  quantity  of  air,  if  reduced  to  a 
fifth  part  of  its  fpace,  it  would  have  loft  ten  grains. 

Hence  it  feems  to  follow,  that  the  fame  quantity  of  air,  reduced  to  lefs 
than  its  accuftom’d  fpace,  caufeth  a greater  confumption,  than  in  its  natu- 
ral ftate. 

(79. ) May  19.  1 677.  I repeated  the  laft  experiment,  in  the  fame  recei- 
ver, clofely  ftopt  with  a fcrew,  that  nothing  might  get  out  or  in.  The 
cone  loft  but  one  grain  and  a quarter  of  its  weight ; whence  I fufpect,  that 
it  was  not  well  kindled. 

May  21.  I made  the  fame  experiment  in  the  fame  manner  ; and  this  day 
the  cone  was  lighter  by  four  grains  *,  whence  I more  certainly  collefled, 
that  it  was  not  well  fet  on  fire  in  the  preceding  experiment* 
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pneumatics  May  23.  I repeated  the  fame  experiment  twice,  but  fufpedl,  that  the 
cone  was  not  well  kindled  ; fince,  at  one  time,  it  loft,  only  three  quar- 
ters, and  at  another,  one  grain  of  its  weight. 

May  2,4.  I made  the  fame  experiment  again  ; and  this  day  alfo  the  lofs 
of  weight  was  found  only  one  grain  and  a quarter.  Then  I open’d  the 
receiver,  and  having  wiped  and  cleans’d  away  the  foot,  repeated  the  expe- 
riment ; when  the  cone  took  fire  very  well  i for  the  lofs  of  its  weight  a- 
mounted  to  fix  grains  and  an  half. 

I tried  the  fame  experiment  again,  in  an  uncleanfed  receiver,  and  the 
cone  loft  only  three  grains. 

May  25.  I made  the  fame  experiment  in  a receiver  well  wafh’d,  and  the 
cone  was  lighter  by  fix  grains  and  an  half. 

I made  the  fame  experiment,  in  the  like  manner,  in  a well  cleanfed  re- 
ceiver, and  the  cone  loft  feven  grains  and  an  half. 

I made  the  fame  experiment  again,  in  an  unwalh’d  receiver,  and  then  I 
could  not  fufficiently  kindle  the  cone. 

May  26.  I made  the  fame  experiment  in  an  unwafh’d  receiver,  about 
the  middle  of  the  day  ; the  fun  being  clear,  and  bright  *,  and  remov’d 
not  the  burning-glafs  for  a long  time,  fo  that  it  took  fire  very  well,  and 
became  eight  grains  lighter. 

Hence  it  is  manifeft,  that  the  quantity  of  a cone  to  be  confumed  in  the 
fame  quantity  of  air  is  not  fix’d  and  certain,  but  fometimes  greater, 
fometimes  lefs,  as  the  cone  (hall  be  more  or  lefs  kindled.  Befides,  the 
imperfedl  mixture  of  the  matter  may  caufe  fome  difference  ; yet  it  feems 
certain,  that  fire  is  more  eafily  kindled  in  compreflfed  air,  than  in  com- 
mon *,  and  the  confumption  will  be  the  greater  in  a certain  quantity  of  air, 
if  that  air  be  reduced  into  a narrower  fpace,  than  if  it  poffefs’d  no  more 
than  ufual. 

(80.)  May  22.  I put  a perfum’d  cone  into  a receiver  made  for  com- 
prefting  the  air  ; and  intruding  the  air  till  the  mercury  relied  thirty  inches 
above  its  ufual  height,  I kindled  the  cone,  and  found  its  weight  to  be  a- 
bated  one  grain  and  three  quarters. 

May  23.  I made  the  fame  experiment  again,  after  the  fame  manner, 
and  with  the  fame  fuccefs. 

I repeated  the  fame  experiment,  but  the  cone  did  not  kindle  well. 
Whence  we  have  a confirmation,  that  fire  is  more  eafily  kindled  in  air  much 
compreffed,  than  in  common  air,  or  that  which  is  but  a little  condenfed. 

I repeated  the  fame  experiment,  and  after  I had  removed  the  burning- 
glafs,  whilft  I was  intent  to  fee,  whether  the  cone  would  proceed  to  be 
confumed,  the  receiver  brake  into  an  hundred  pieces,  fome  of  which  ftruck 
my  head,  and  wounded  it : which  I mention,  that  no  man  may  be 
confident  his  glafs  will  not  break,  whilft  he  is  about  fuch  experiments, 
becaufe  he  has  found,  that  at  other  times  it  refilled  a greater  preffure. 
For  this  very  glafs  had  contain’d  air  four  times  more  comprefs’d.  It  had  al- 
fo refilled  air,  fuftaining  one  hundred  and  ninety-eight  inches  of  mercury 
above  its  wonted  height  j yet,  now  it  was  broken  by  a preffure,  more  than 
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fix  times  lefs ; and  therefore  while  a man  looks  into  fuch  receivers,  his 
head  Ihould  be  guarded. 

(81.)  June  4.  1676.  I burnt  paper,  befmeared  with  fulphur  in  vacuo , 
and  found  that  it  produced  fome  air  ; which  was  not  at  all  diminilh’d  for 
two  days. 

This  air  mud  be  aferibed  to  the  paper,  for  none  is  produced  out  of  ful 
phur  alone. 

(82.)  June  15.  I burnt  harts-horn  in  vacuoy  and  found  that  the  fumes 
ifluing  therefrom  contained  fome  air. 

June  17.  On  thefe  two  laft  days  I repeated  the  fame  experiment,  and 
always  obferved,  that  air  produced  from  harts-horn,  was  foon,  in  part, 
dedroyed  ; but  that  which  preferved  its  eladicity  for  an  hour  after  the 
burning-glafs  was  removed,  feemed  afterwards  not  to  lofe  it  at  all. 

June  19.  I took  the  harts-horn  out  of  the  receiver,  and  found  no  vola- 
tile fait,  but  only  a fetid  oil  to  be  produced  therefrom. 

(83.)  June 'll.  I burnt  amber  in  vacuoy  and  at  firft  could  not  find  that 
the  fumes  afeended  above  the  height  of  one  inch  ; yet  in  a receiver  full  of 
air  they  would  be  carried  up  to  the  top,  and  from  thence  return  down- 
wards i yet  afterwards,  even  in  the  vacuum  itfelf,  the  fumes  reached  almoft 
to  the  top  of  the  receiver,  but  the  mercury  varied  not  at  all  in  its  gage. 

June  22.  This  night  a great  deal  of  that  water,  in  which  I had  immer- 
fed  the  receiver,  found  a p adage  into  it,  tho’  the  cover  was  fo  well  fitted 
to  the  aperture,  that  I never  perceived  any  water  to  get  in  betwixt  them 
before.  Hence  a fufpicion  arofe,  that  fome  volatile  fait  had  probably  at- 
tracted the  aqueous  parts,  by  reafon  of  the  congruity  betwixt  them. 

July  8.  I dill  kept  the  receiver  immerged  in  water,  but  no  more  water 
enter’d  in  j as  if,  the  falts  being  wafhed  away,  the  external  water,  deditute 
of  afliflance,  could  no  longer  indnuate. 

(84.)  Jan.  18.  1 677.  I put  two  drams  of  camphire  into  an  exhauded 
receiver  ; and  the  juncture  of  the  cover  with  the  receiver,  being  fortifted 
againd  external  air,  I put  the  camphire  on  a digeding  furnace. 

Jan.  19.  The  camphire  fublimed  into  flowers,  but  no  air  was  produced. 

(85.)  May  24.  1676.  I included  Sulphur  vivum  in  an  exhauded  recei- 
ver, and  melted  it  by  the  help  of  a burning-glafs ; but  found  that  the 
fumes  produced  therefrom  contained  no  air,  becaufe  the  mercury  afeend- 
ed to  the  aperture  of  its  gage,  as  is  ufual  while  the  receiver  is  evacuating ; 
yet  when  that  was  cool’d,  the  mercury  returned  to  its  former  height  *,  and 
therefore  that  change  was  probably  owing  to  the  air  included  in  the  feal’d 
leg  of  the  gage,  being  rarified,  and  driving  the  mercury  into  the  other 
part. 

(86.)  July  ic).  Having  included  pade  nine  days  ago  in  vacuoy  and  per- 
ceiving that  it  now  contained  no  more  air,  I endeavoured  to  fire  it  with  a 
burning-glafs.  The  fubfiding  fumes  had  tinged  the  fuperficies  of  the  pade 
of  a curious  yellow  * and  I conjectur’d  that  fome  air  was  produced,  be-  cuo< 
caufe  the  receiver,  which  before  was  clofely  join’d  to  its  cover*  might 
now  with  eafe  be  pluck’d  therefrom. 
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(S7.)  September  9.  1676.  I exhaufted  the  air  out  of  a receiver  half  full 
’TbeprduSha  0 f dry’d  SrfPes>  and  fortified  it  againft  the  external  air. 
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Sept . 


In  24  hours  time  the  height  of  the  mercury  was  half. 
In  two  days  time  the  alcent  of  it  was  half. 


The  afcent  of  the  mercury  was 


n 


From  Jigs. 


27.  The  afcent  was  The  height  3 inches. 

October  11.  The  height  of  the  mercury  was  now  about  6 inches. 
September  9.  1676.  1 put  dry’d  figs  into  a receiver,  and  fill’d  about  half 
of  it  with  them  ; then  I extracted  the  air,  till  the  mercury  refted  at  the 
height  of  3 inches. 

Sept.  10.  No  air  was  produced. 

Sept.  1 7.  Perceiving  no  air  to  ifiue  out  of  the  figs, I open’d  the  receiver. 
Hence  we  learn,  that  dry’d  fruits  put  into  an  exhaufted  receiver,  pro- 
duce very  little  air  with  regularity. 

(88.)  Augujl  5.  1676.  I included  pears  and  apricocks  in  vacuo . 
wd  apricocks.  Aug.  6.  In  1 8 hours  time  the  mercury  rofe  two  inches  j in  10  hours 
more  it  reach’d  to  three. 

8 The  height  of  it  was 

9.  In  14  hours  fpace  the  mercury  mounted  3 quarters. 

Its  height  was  7 and  a quarter. 


from  pears 


Aug.  10" 

' 81 

Aug.  18" 

r 

1 1 

10  7 

i9 

12 

I2~ 

20 

13 

fThe  height  of  it  was^ 

Hi 

2 1 

►The  height  of  it  wa$< 

14 

l6 

22 

15 

l8 

23 

16^ 

.20 

26  ~ 

25 

29 

31  * 

32  i 

34 

35 
38  i 


Aug.  29.  The  height  of  the  mercury  was  41. 

Sept.  1.  The  height  of  it  was  42  and  a half. 

4.  The  height  of  it  was  44. 

7.  The  3 laft  days  being  hotter  than  the  foregoing,  the  afcent 
of  the  mercury  was  2 and  a quarter  *,  its  height  46  and  a quarter. 

Sept.  10.  The  height  of  the  mercury  was  47  and  a half. 

13.  The  mercury  was  deprefs’d,  its  height  only  44  inches. 

23.  The  mercury  by  degrees  mounted  again  to  48  inches. 

27.  The  height  of  the  mercury  was  50  and  a half. 

Nov.  5.  The  mercury  afeended  gradually  to  52  and  a half. 

Nov.  28.  The  apricocks  were  reduced  to  water  i the  fkin  being  fe- 
ver’d from  the  pulp,  yet  no  more  air  produced. 

Jan.  jo.  1677.  Whilft  it  froze  very  hard  the  mercury  rofe  to  57 
inches,  but  when  it  thaw’d  it  funk  to  23.  Whether  the  ftrength  of  the 
froft  opened  fome  way  for  the  air  to  get  out,  I know  not. 


March 
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March  3.  The  mercury  could  afcend  no  higher,  becaufe  the  air  was  pNEVMATIC* 
got  out.  This  day  I found  the  receiver  tumbled  on  the  ground  ; and  the 
apricocks,  when  the  froft  broke,  were  putrified,  and  had  loft  their  colour. 

Hence  it  feems  to  follow,  that  apricocks  produce  air  almoft  as  eafily  in 
their  wonted  prefifure,  as  in  vacuo. 

(89.)  June  22.  1676.  I put  four  cherries  into  two  exhaufted  receivers.  From  cherries . 
and  proceeded  with  both  alike,  except  that  in  the  one  the  cherries  were 
whole,  in  the  other  cut  afunder  •,  in  two  hours  the  whole  cherries  had  im- 
pelled the  mercury  into  the  gage,  to  the  height  of  10  lines,  and  the  cut 
ones  to  about  20. 

June  21.  In  24  hours  the  mercury,  in  the  receiver  containing  the  whole 
cherries,  rofe  to  the  height  of  three  inches  ; but  in  the  other  the  gage  was 
fpoiled. 

June  2 6.  The  whole  cherries  had  not  yet  produced  fo  much  air,  as  to 
fuftain  1 5 inches  of  mercury  but  the  cut  cherries  had  wholly  filled  their 
receiver  with  air. 

July  9.  The  receiver  of  the  whole  cherries  was  remov’d  from  its  cover  ; 

I eat  one  of  them,  which  tailed  pleafant  enough.  I included  the  reft  again 
in  vacuo  \ many  of  them  were  broke,  and  in  one  hour’s  time  they  impell’d 
the  mercury  to  the  height  of  about  2 inches. 

July  10.  During  thefe  laft  24  hours  the  mercury  afeended  not ; whe- 
ther the  gage  was  damaged,  I am  not  certain. 

July  15.  1 found  the  cover  fevered  from  the  receiver,  whence  it  was 
clear  that  the  gage  was  hurt. 

Hence  it  appears,  that  fome  cut  fruit  fooner  produce  their  air,  than 
what  is  whole. 

(90.)  June  9.  1676.  I put  fome  cherries,  that  were  not  acid,  into  an 
exhaufted  receiver  ; and  within  an  hour  found  as  much  air  produced  from 
them,  as  fuftain’d  a quarter  of  an  inch  of  mercury. 

June  10.  In  18  hours  the  mercury  rofe  to  11  inches. 

June  11.  The  fruits  produced  lefs  air  gradually,  fo  that  thisday,  to- 
wards the  evening,  the  mercury  came  not  up  to  15  inches. 

June  12.  The  mercury  was  a little  higher  than  15  inches. 

13.  The  height  of  the  mercury  was  22  inches. 

16.  The  mercury  yet  came  not  up  to  30. , 

18.  Perceiving  no  more  air  to  be  produced,  I opened  the  receiver.. 

Such  a fmall  production  of  air  feems  very  remarkable,  be-caufe  I had 
found  fruit  of  the  fame  kind  in  France , to  fill  their  receivers  in  two  days 
time.  Probably  fruits  of  the  fame  kind,  in  feveral  countries,  differ  much 
amongft  themftlves. 

(91.)  June  12.  1676.  I put  cabbages,  cut  in  pieces,  into  an  exhaufted  From  cabbages'. 
receiver,  with  a mercurial  gage  ; and  in  an  hour’s  time  the  mercury  af- 
cended  one  line. 

June  13.  The  mercury  was  now  come  almoft  to  the  height  of  10  inches. 

1 7.  It  was  come  almoft  to  the  top  of  its  gage-,  and  the  receiver 

being  opened,  I found  the  cabbages  little  altered,  June 
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June  19.  Being  left  for  two  days  in  the  open  air,  they  were  wholly  cor- 
rupted, and  blackifh.  I put  them  again  in  vacuo , to  try  whether  the  pu- 
trefaction begun,  would  promote,  or  retard  the  production  of  air. 

June  19.  The  mercury,  in  half  an  hour,  ran  up  half  an  inch. 

22.  For  three  whole  days,  the  mercury  got  higher,  only  by  ten 
lines.  Its  height  was  one,  and  a third  of  an  inch. 

June  23.  Finding  the  cabbages  produce  no  more  air,  I took  them  out 
of  the  receiver  *,  their  fmell  was  very  bad. 

Hence  a fufpicion  arofe,  that  bodies,  when  they  putrify,  have  produ- 
ced almoft  all  their  air. 

(92.)  May  29.  1676.  I took  pieces  of  orange,  weighing  4 ounces,  and 
put  them  into  a receiver,  capable  of  holding  10  ounces  of  water;  and  ex- 
haufted the  air. 

June  10.  The  receiver  was  removed  from  its  cover,  by  the  force  of  the 
air  produced  ; fo  that  I took  out  the  oranges,  and  prefently  put  them 
into  another  exhaufted  receiver,  capable  of  containing  8 ounces  of  wa- 
ter ; when  the  mercury,  within  half  an  hour,  was  elevated  to  the  height 
of  half  an  inch. 

June  13.  This  fudden  afcent  of  the  mercury  was  not  durable;  for 
it  yet  came  not  to  the  height  of  2 inches. 

June  1 6,  The  mercury,  during  the  laft  24  hours,  afcended  about  three 
lines. 

June  21.  The  mercury,  the  laft:  24  hours,  did  not  afcend  the  fpace  of 
one  line. 

July  18.  I perceived  no  more  alteration  in  the  height  of  the  mercury, 
but  fome  mouldinefs  appear’d  ; tho*  I am  certain  that  no  air  from  with- 
out had  enter’d  the  receiver. 

("93.)  April  27.  1676.  I put  a tulip  into  an  exhaufted  receiver,  with  a 
mercurial  gage  ; but  before  it  was  fortified  againft  the  external  air,  e- 
nough  got  in  to  fuftain  2 inches  of  mercury. 

May  2.  The  tulip,  which  at  firft  appeared  ftriped  with  various  co- 
lours, was  now  wholly  changed  into  a dark  red,  become  moift,  and  pro- 
duced very  little  air. 

(94.)  April  22.  1676.  I put  half  of  a lemon  into  an  exhaufted  recei- 
ver, with  a mercurial  gage,  fo  fhort,  that  the  mercury  could  not  afcend 
3 inches. 

April  24.  In  two  days  fpace  the  mercury  came  to  the  height  of  an 
inch  and  a half. 

April  25.  The  mercury  was  now  two  inches  high. 

April  27.  Yefterday  the  mercury  afcended  4 lines,  but  this  day  only 
one. 

April  29.  During  the  two  laft  days,  the  mercury  mounted  higher  by 
one  line. 

May  3.  In  four  days  fpace  the  mercury  afcended  one  line,  and  a lit- 
tle more. 

May  3,  1677.  The  mercury  came  to  the  top  of  the  gage,  yet  no  air 
got  out ; but  the  lemon  was  a little  alter’d.  Jan, 


Phyfico-mechanical  Experiments.  609 

Jan.  1.  1678.  Hitherto  no  air  efcaped  out  of  the  receiver;  but  the Pnkumatics 
lemon  had  contracted  a yellow  colour,  and  a moifture.  LX'Y’N^y 

( 95,.  ) March  1 6.  1677.  I put  two  apples  of  the  fame  fort,  into  two  ex  - Apples- 
haufted  receivers  ; one  of  the  apples  having  begun  to  putrefy,  but  the  o- 
ther  was  only  bruifed  by  a few  blows. 

May  15.  1 677.  Hitherto  they  feemed  in  a very  good  cafe  ; but  now  the 
apple  which  was  bruifed,  appear’d  wholly  rotten,  and  the  receiver  was 
forc’d  from  its  cover : the  other  apple  remain’d  without  change. 

Aug.  20.  1 677.  The  apple,  which  before  began  to  be  rotten,  fufter’d 
no  farther  alteration ; but,  finding  that  the  receiver  was  now  parted  from 
its  cover,  and  fearing  left  the  apple  would  be  fpeedily  putrefied,  I took  it 
out:  its  tafte  was  grateful,  inclining  to  acid,  as  if  it  had  been  fermented  5 
but  the  pulpfomewhat  refembled  meal  in  confidence. 

Hereby  it  feems  confirmed,  that  fruits  have  produced  the  greateft  part 
of  their  air,  when  putrefaction  begins  in  them  ; fince  the  putrid  apple  did 
not  fill  its  receiver,  but  in  a much  longer  time  than  the  other. 

( 96. ) May  17.  1676.  I pour’d  two  equal  quantities  of  milk  into  two  , 
glafs-receivers,  of  equal  bignefs ; the  one  I left  in  the  free  air,  and  the  o- luU 
ther  I included  in  an  exhaufted  vefiel,  with  a mercurial  gage. 

May  18.  The  cream  floated  on  the  top  of  the  milk,  left  in  the  free  air ; 
but  that  in  vacuo , was  only  cover’d  with  bubbles,  and  the  gage  not  alter’d 
at  all. 

May  19.  The  bubbles  gradually  fwelled ; and  the  mercury,  in  the 
gage,  was  a little  higher. 

May  20.  The  bubbles,  in  vacuo , fwell’d  yet  more,  and  that  milk 
feem’d  curdled  ; but  the  other,  in  the  free  air,  was,  manifeftly,  curdled. 

The  mercury,  in  vacuo , came  almoft  to  the  top  of  its  gage. 

May  22.  The  milk,  in  vacuo , proceeded  to  generate  more  air;  and 
now  it  evidently  appear’d  to  be  curdled.  Whence,  it  is  manifeft,  that  the 
coagulation  of  milk,  when  the  air  is  taken  away,  is  retarded.  Almoft  all 
the  bubbles  were  now  broke, 

June  20.  The  milk,  in  vacuo,  was  no  longer  cover’d  with  bubbles,  and 
remain’d  ftill  coagulated  in  the  fame  ftate.  But  the  milk,  in  the  free  air, 
became  very  fetid,  and  was  full  of  worms.  When  it  was  put  on  the  engine, 
and  the  air  extracted,  it  emitted  many  very  large  bubbles,  for  a long 
time  ; and  the  worms  mov’d  very  vehemently,  but  not  one  of  them  died 
in  four  hours  time. 

May  19.  1677.  Three  or  four  months  ago,  fome  whey,  in  vacuo,  was^ 
poured  out  of  a vefiel  into  a receiver,  and  it  feem’d  clear  and  limpid,  like 
water ; yet  there  was  whey  enough  left  in  the  vefiel,  to  feparate  the  buty- 
rous  from  the  cafeous  part,  at  a fufficientdiftance. 

This  day  the  milk,  ftagnant  in  the  receiver,  feem’d  to  have  got  out  of 
it ; fo  that  it  is  clear,  the  air,  in  the  receiver,  had  a greater  force  than  the 
external  air ; for  the  cover,  alfo,  was  feparated  from  the  receiver.  To- 
wards night,  I took  that  milk  out  of  the  receiver,  and  found  it  to  be  acid, 
both  in  fmell  and  tafte,  yet  it  was  not  ungrateful  to  the  palate  ; but  after 
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a fliort  time,  the  whey,  which  hitherto  had  remained  limpid  between  the 
cafeous  and  butyrous  part,  began  to  difappear,  and  to  be  blended  with 

the  red. 

May  24.  The  butyrous  part  wholly  vaniflied  ; though,  as  yet,  it  had 
fu ffe red  no  fenfible  mutation  : but  the  milk  began  to  fmell  ill. 

June  1.  Our  milk  had  not,  yet,  con tra died  the  word  of  feents ; neither 
had  it  produced  any  worms:  but  it  grew  dry  by  degrees,  and,  this  ni^hr, 
the  mice  eat  it  up,  as,  perhaps,  they  had  the  butyrous  part  before.  & 

Here  we  lee,  that  the  coagulation  of  milk,  when  air  is  extracted  there- 
from, is  fomewhat  retarded ; that  the  weight  of  the  butter,  of  whey,  and 
of  cheefe,  is  not  the  fame  in  the  air,  as  in  vacuo  \ for,  in  the  air,  they  are 
confufedly  mixed  , but,  in  vacuOy  one  fwims  on  the  top  of  the  other  \ that 
the  putrefaction  of  milk,  when  air  is  extracted,  is  hindered,  or  very  much 
retarded  \ and,  Jadly,  that  nnlk,  by  continuing  long  in  vacuo , is  made 
unfit  to  generate  worms,  even  in  common  air. 

( 9 7*)  September  5.  1677.  I took  the  fame  receiver,  and  the  fame  vefieJ, 
ufed  before  to  preferve  milk  in  vacuo , and  included  urine  therein,  as  I had 
done  milk  before.  The  quantity  of  urine  was  about  three  ounces,  and 
three  drams,  and  the  receiver  capable  of  holding  ten  ounces  of  water. 

Sept.  7.  The  mercury  reached  to  the  height  of  aimed  two  inches'. 

Sept.  8.  The  mercury  was  fomewhat  higher  than  yefterday. 

December  5.  The  mercury  afeended  not  above  three  inches;  and,  for 
the  whole  month  pafl,  was  not  changed.  The  urine  feemed  not  to  be  at 
all  altered. 

Dccemb.  6.  1 fet  other  urine  under  a receiver,  not  defended  a<*ainft  the 
external  air. 

Dccemb.  16.  The  urine,  in  vacuo.  Hill  kept  unaltered  ; but  the  other  in 
ten  days  time,  deem’d  turbid,  and  to  have  contracted  dome  mouldinefs  on 
its  fuperficies. 

This  experiment,  compared  with  the  former,  makes  it  probable,  that 
urine  contains  lefs  air  than  milk. 

But  the  power  of  the  air  to  corrupt  urine  feems  very  obfervable. 

( 98. ) May  19.  I took  pafie,  very  much  diluted,  and  without  Jeaverr, 
and  putting  it  into  a glafs-vefiel,  included  it  in  an  exhaufted  receiver:  and 
tho*  the  veffel  which  contained  it,  were  not  half  full,  before  all  the  air 
was  exhaufted  ; yet  the  pafte  had  fwollen  above  the  brim  of  the  vefleL 

May  20.  The  pafte  continued  to  fwell,  and  was  interfperfed  with  many 
cavities.  7 

May  22.  The  pafte  was  much  more  tumid  than  before,  and  much  air 
was  generated  therefrom. 

^ May  23.  In  the  morning  I found  the  cover  fever’d  from  the  receiver,  by 
the  forceof  the  produced  air,  and  fome  of  the  pafte  fpread  above’the 
edges  of  the  receiver  ; yet  its  dwelling  was  fomewhat  abated.  In  the  after- 
noon, its  dwelling  was  much  more  abated,  yet  it  took  up  twice  more 
fpace  than  before  it  was  put  into  the  receiver.  The  tafte  of  it  was  not  acid ; 
and,  therefore,  I think,  that  bread,  thus  made,  is  very  light. 
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(99.)  July  20.  1676.  I put  a quantity  of  beef  into  an  exhaufted  recei-  pN^MATICS 
ver,  defended  againft  the  external  air;  and  another  equal  quantity  into 
receiver,  neither  exhaufted,  nor  clofely  (lopp’d. 

July  21.  In  thirty  hours  time,  the  exhaufted  receiver  was  fill’d  with  air, 
fo  that  I fufpecfled  fome  air  had  got  in : and,  therefore,  included  the  fame 
beef  again,  and  fo  clofedit;  there  was  no  fear  any  external  air  fhould 
enter. 

July  22.  In  fourteen  hours  time,  the  mercury  rofe  to  the  height  of  fif- 
teen inches. 

July  25.  For  three  whole  days  and  more,  the  beef  did  not  produce  air 
enough  to  fill  one  half  of  the  receiver. 

July  26.  T he  receiver  was  fever’d  from  the  cover  ; and  in  one  hour’s 
time,  I perceived  the  beef,  being  again  included  in  vacuo , had  produced 
air  enough  to  fuftain  ten  inches  of  mercury. 

July  28.  I found  the  receiver  again  filled  with  air,  and  re-exhaufting  it, 
much  air  was  in  a fhort  time  again  produc’d  from  the  beef 

July  30.  The  receiver  being  again  fill’d,  I again  included  the  b eef/;z 
vacuo , and  found,  that  the  air  produced  from  it  in  one  hour,  fuftain’d  ten 
inches  of  mercury. 

Aug.  1.  The  receiver  being  this  day  fill’d  again,  the  beef  ftunk  abomi- 
nably, and  we  threw  it  away. 

Hence  it  appears,  that  flefh,  whilft  it  putrefies,  produces  much  more 
air,  than  before  it  putrefies  ; but  it  is  otherwife  in  fruit. 

( 100. ) July  18.  1 676.  I put  fome  goofberries,  which  I had  long  kept  Goosforriee* 
in  receivers,  to  produce  air,  into  one  that  was  exhaufted. 

Within  half  an  hour  the  mercury  afcended  to  the  height  of  one  inch. 

In  an  hour  and  a half,  the  mercury  mounted  another  inch. 

July  19.  In  twenty-four  hours  time,  the  receiver  was  almoft  all  filled 
with  air. 

July  20.  The  cover  was  forced  from  the  receiver,  and  much  juice  run 
out. 

July  29.  I left  the  fame  goofberries  in  a receiver,  not  defended  againft 
the  external  air ; but  this  day  I included  them  again  invacuo , to  try,  whe- 
ther they  could  produce  any  more  air. 

July  30.  In  fixteen  hours  time,  the  goofberries  drove  up  the  mercury 
an  inch  and  a half  into  the  gage. 

July  30.  1 677.  The  goofberries  could  not  wholly  fill  the  receiver; 
and  they  always  remain’d  in  the  fame  ftate  ; but  a while  fince  they  had  al- 
moft loft  their  red  colour,  and  inclined  to  white. 

From  hence  it  feems  to  follow,  that  this  fruit,  after  it  has  produced  all 
its  air,  fuffers  very  little  alteration  ; as  if  that  air  itfelf  were  the  caufe  of 
corruption. 

( 101.)  Aug.  23.  I put  pears  into  an  exhaufted  receiver  with  a mercurial  'Pears. 
gage  ; and  before  the  receiver  could  be  well  defended  againft  the  external 
air,  the  mercury  was  rifen  one  inch  and  a half. 

in  two  hours  timejt  afcended  four  inches ; its  height  being  almoft  fix. 

I i i i 2 Auguji 
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Auguft  24.  The  height  of  the  mercury  was  twelve  inches. 
25.  The  height  thereof  was  fixteen. 

Aug.  26^  The  height 
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7.  The  height  of  it  was  the  fame,  becaufe  fome  air  had  efcapedi 
but  I prevented  that  for  the  future. 

Sept. 

The  height  of  it  was 

Sept.  12.  Yefrerday  the  mercury  remained  at  the  fame  height ; but  now 
it  feem’d  to  be  depreffed : whence  I conje£ture,  that  fome  air  had  got  out. 
The  height  of  it  was  fifty-three  and  a half. 

Sept.  13.  I tranfmitted  the  air  into  another  receiver:  the  height  of  it  was 
thirty-two  and  a half. 

Sept.  1 6.  I perceived  that  the  air  had  got  out  ; and  opening  the  recei- 
ver, found  the  pears  very  rotten. 

Thefe  pears  produced  their  air  irregularly,  fometimes  quicker,  fome* 
times  flower. 

Dried  plumbs*  (102.)  Sept.  1 7.  I put  dried  plumbs  into  an  evacuated  receiver. 

Sept.  19.  The  mercury  feem’d  to  have  afeended  a little. 

Sept.  2 2.  I perceived  not,  that  the  height  of  the  mercury  was  alter’d. 
Novemb.  9.  When  the  plumbs  produced  no  more  air,  I open’d  the  re- 
ceiver. 

By  this  experiment,  ’tis  confirmed,  that  dried  fruit  is  very  unfit  to  pro- 
duce air. 

jnd  nut-ker - ( io3*  ) Sept.  28.  I putfrefh  nut-kernels,  cut  to  pieces,  into  an  evacu- 

nth.  ated  receiver,  with  a mercurial  gage. 

Sept . 29.  The  mercury  afeended  a little. 

Sept.  30.  The  height  of  it  was  two  inches. 

OtJob.  5.  The  mercury  continued  to  afeend  by  degrees:  the  height  of 
it  exceeded  fix  inches. 

Offob.  1 5.  The  height  thereof  was  ten  inches. 

Oftob.  22.  The  height  of  it  was  fifteen. 

Nov.  28.  The  mercury  was  come  to  twenty  inches,  or  more;  but  now 
the  receiver  was  thrown  down  and  broken,  and  the  nut-kernels  fcattered  : 
they  were  preferv’d  very  well,  both  as  to  colour  and  rafte. 

Hence  we  may  eonje&ure,  that  air,  without  fenfible  putrefa&ion,  is 
producible  from  fruits,  even  of  a hard  confidence. 
fTbe  production  ( io4-  ) June  22.  I included  new  peafe  in  a receiver,  with  a glafs  full 
ef  dir  above  its  of  raifins  of  the  fun  bruifed,  and  mixed  with  water  ; and  did  not  exhauft 
ufual prejjiire,  the  air., 

rj^inVwa  Towards  evening,  the  mercury  had  mounted  to  twelve  inches;  but  a 
ier]  in  common  great  part  of  that  air  was  produced  from  the  raifins,  not  from  the  peafe. 
air,  June  23.  The  height  of  the  mercury  was  forty-nine.  June 
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24*)  The  height  C 75  | June  267  The  height  f 90 

25)  of  it  was  I90  I 28J  of  it  was  (.100 

The  peafe  fweat,  as  it  were,  and  grew  yellow. 

June  30.  The  height  of  the  mercury  was  one  hundred  and  ten. 

July  t.  The  mercury  afcended  not,  yet  no  air  efcaped. 

July  4.  The  heightof  the  mercury  was  one  hundred  and  twenty-four. 

July  7.  The  height  of  it  was  one  hundred  and  forty. 

July  10.  The  height  remain’d  the  fame,  but  the  liquor,  which  diftill’d 
from  the  peafe  got  out. 

July  12.  New  liquor  was  produc’d  from  the  peafe  i but  the  mercury 
continu’d  at  the  fame  height. 

July  13.  The  liquor  got  out  of  the  receiver,  and  fome  air  befides  ; 

whereupon  I fet  the  fcrew,  and  new  liquor  being  in  a fhort  time  collect- 

ed, fortify’d  the  cover  within. 

July  1 5.  The  receiver  was  broken  in  pieces  ; but  the  peafe,  being  fofter 
than  ordinary,  were  eafily  ftript  of  their  husks,  as  if  they  had  been  par- 
boil’d ; but  they  kept  their  ordinary  tafte. 

(105.)  Sept.  1 5.  1676.  I put  unripe  plumbs  into  an  exhaufted  receiver  ; jn  pium^s 
and  before  the  receiver  could  be  guarded  againft  the  external  air,  the  mer-  vacuo, 
cury  afcended  an  inch. 

cep.  1 6.  In  twenty-four  hours  time,  the  mercury  ran  up  five  inches, 
and  its  height  was  fix 

Sept.  1 7. 

Sept.  18}  f 10  Sept.  23 

19^  The  height  } 12  24^  The  height 

20  ( of  it  was  ) 14  26?  of  it  was 

22  j (.18  28  j 

Offob.  1.  The  heightof  the  mercury  was  thirty. 

Oclob.  4.  The  height  of  it  was  thirty-one,  the  weather  fomewhat  cold. 

3 T.rV5£‘  £3  I °"n}  ™ 33* 

OElob.  15.  For  thefe  two  laft  days,  the  cold  being  abated,  the  mercury 
afcended  fwifter  ; its  height  was  thirty-feven. 
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In  this  experiment,  the  air  feems  to  be  produced  fometimes  regularly, 
and  at  others  irregularly. 

(10 6.)  July  6.  1 676.  I put  goofberries  into  an  exhaufted  receiver,  but /,/  Gooiberries 
before  we  could  prevent  the  entrance  of  the  external  air,  it  had  impell’d  in  vacuo, 
the  mercury  half  an  inch  ; and  afterwards,  in  half  an  hour,  the  air  pro- 
duced from  the  goofberries,  imped’d  it  another  half  inch. 

In  feven  hours  time,  the  mercury  afcended  four  inches  higher,  and  reft- 
ed  at  five. 

July  7.  In  fourteen  hours,  the  afcent  of  the  mercury  was  two  inches  and 
a half.  In 
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In  io  hours,  the  afcent  of  it  was  2 i. 

July  8.  In  14  hours,  the  afcent  of  the  mercury  was  1 i. 

In  10  hours,  the  afcent  was  2. 

July  9.  In  14  hours,  the  afcent  of  the  mercury  was  2 

Jn  10  hours,  its  afcent  was  1 |. 

July  10.  In  14  hours,  the  afcent  of  it  was  1 f. 

In  10  hours,  the  afcent  of  it  was  3. 

July  11.  In  24  hours,  the  afcent  of  the  mercury  was  4. 

July  12.  In  24  hours,  the  afcent  was  4. 

Now  the  mercury  was  brought  to  its  wonted  prefiure. 

July  13.  In  the  morning  I found  the  cover  broken  •,  and  becaufe  it 
was  fattened  by  a ferew,  to  prevent  its  being  fever’d  from  the  receiver, 
I fufpefled  this  happen’d  from  the  internal  air.  I lubftituted  another  cover 
in  its  (lead. 

July  14,  15,  16,  17,  1 8.  I perceived  no  change  in  the  height  of  the 
.mercury,  becaufe  the  cover  was  not  exadfly  clofed  ; and  therefore  I took 
out  the  fruit,  and  put  part  into  another  evacuated  receiver,  and  the  reft 
I flopp’d  up  clofeiy  with  common  air,  that  nothing  might  get  out. 

In  4 hours,  the  mercury  afeended  4 inches. 

July  19.  In  14  hours,  the  afcent  of  the  mercury  was  1 l •,  but  fufpeft- 
jng  the  air  to  have  efcaped,  I fet  the  ferew. 

In  9 hours  the  afcent  of  the  mercury  was  1 1 inches. 

The  cover  broke  and  the  air  efcaped. 

This  experiment  feems  to  prove  that  goofberries  contain  much  air, 
which,  as  foon  as  it  is  freed  from  the  wonted  preflure  of  the  air,  more 
readily  breaks  out,  than  when  reftrained  by  fome  ambient  air,  till  the 
goofberries  begin  to  ferment  ; for  then  air  is  produced  in  a far  larger 
quantity,  tho'  the  comprefture  be  greater. 

( 107 .)  July  8.  1 676.  I included  pafte  in  an  exhaufted  receiver,  and, 
before  it  was  guarded  againft  the  external  air,  the  mercury  was  come  to 
the  height  of  three  inches  ; the  air  making  an  irruption  from  without  ; 
whence  the  pafte,  which  was  much  fwollen,  loft  about  the  third  part  of 
its  tumidity. 

A little  while  after,  it  fwell’d  again  ; and  within  half  an  hour,  the 
mercury  mounted  higher  by  two  inches. 

In  one  hour’s  time,  the  afcent  of  the  mercury  was  two  and  a half  ; 
and  the  pafte  continued  to  fwell. 

In  another  hour  the  afcent  of  the  mercury  was  three  inches  and  a 
■half. 

In  an  hour  more,  the  afcent  of  it  was  four  inches  and  a half ; and  it 
refted  at  fix  teen. 

July  9.  In  fourteen  hours  fpace*  the  afcent  of  it  was  twenty-one  inches, 
and  the  height  of  the  mercury  thirty -feven.  I fufpedled  that  fome  air 
had  got  out.  When  I fet  the  ferew,  the  cover  broke  ; and  upon  admiflion 
of  the  external  air,  the  pafte,  which  always  rofe,  now  abated  about  two 
inches  of  its  tumidity;  though  it  was  left  comprefs’d  than  before. 
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In  five  hours,  the  afcent  of  the  mercury  was  fifteen  inches.  Pneumatics 

But,  when  I again  endeavour’d  to  fet  the  fcrew,  the  cover  broke,  fo 
that  the  air  efcaped  ; and  the  pafte  was  prefently  fomewhat  deprefs’d. 

In  four  hours,  the  afcent  of  the  mercury  was  ten  inches:  the  pafte  a- 
gain  fwell’d,  as  before  ; but,  being  willing  to  fubftitute  a better  fcrew. 

I permitted  the  air  to  enter  ; yet  the  pafte  did  not  now  fubfide,  as  be- 
fore. 

July  10.  This  night  the  pafte  rofe  again;  yet  it  feemed  to  have  pro- 
duced no  air. 

In  four  hours  there  was  no  afcent  of  the  mercury. 

In  feven  hours,  the  afcent  of  it  was  four  inches. 

July  12.  I perceived  no  afcent  of  the  mercury. 

13.  It  feemed  to  have  afcended  a little. 

1 7.  Seeing  no  more  air  produced,  I took  out  the  pafte,  and 
found  it  to  have  a fourilh  fmell. 

This  experiment  feems  to  prove,  that  air  might  be  produced  out  of 
pafte,  in  comprefs’d  air,  as  well  as  in  vacuo. 

But  the  pafte  was  twice  deprefted,  becaufe  the  comprefs’d  air,  fudden- 
3y  finding  a way  to  efcape,  was  dilated  ; as  happens  in  fprings,  when 
carried  beyond  their  point  of  reft;  but,  when  that  air  was  immediately 
repell’d  by  the  external  air,  the  pafte  pitch’d,  and  was  deprefs’d. 

fioSJ  July  13.  1677.  I included  fome  horfe- beans  in  vacuo,  with  wa-  in  va- 

ter  ; when  thofe  which  were  bruifed,  feemed  to  fwell  much  ; but  thofeCUOc 
which  were  left  whole,  fuffer’d  no  fenfible  alteration. 

In  two  hours  fpace,  I faw  no  air  produced,  tho’  the  beans  continued, 
to  fwell. 

July  14.  In  twenty-four  hours,  the  afcent  of  the  mercury  was  feven 
inches. 

July  15.  In  fixteen  hours,  the  afcent  of  the  mercury  was  three  inches 
and  a half. 

In  eight-hours, the  afcent  of  it  was  one  and  a half,  the  height  of  it  twelve. 

July  16.  In  fourteen-hours,  the  afcent  of  it  was  three. 

17.  In  twenty-fix  hours,  the  afcent  of  it  was  fix. 

18.  In  twenty-four  hours,  the  afcent  of  the  mercury  was  almoft  9; 

19.  I ftopp’d  the  receiver  firmly  with  a fcrew,  becaufe  the  air 
had  got  out.  In  nine  hours  the  afcent  was  one  inch. 

20.  In  twenty-four  hours  the  afcent  was  three  and  a half. 

21.  In  twenty-four  hours  the  afcent  was  five  and  a half. 

22.  In  fourteen-hours,  the  afcent  of  the  mercury  was  two. 

23.  In  twenty-four  hours  the  afcent  of  the  mercury  was  eighteen. 

24.  In  fourteen  hours,  the  afcent  of  the  mercury  was  almoft 
five.  The  height  of  it  thirty-five  above  the  wonted  preftiire. 

25.  The  receiver  could  notfuftain  a greater  preftiire.  1 found  the 
beans  of  a fetid  fmell,  not  much  unlike  that  of  putrefied  flelh. 

Hence  it  feems  to  follow, that  beans  contain  much  air,and  that  it  is  pro- 
duc’d in  a moderate  preftiire,  as  well  as  in  vacuo-,  fometimes  more  fudden- 


6i6 

?nsvmat»cs 

vyw 

In  goo  ^berries 
in  vacuo. 


Phyjt  co-mechanical  Experiments. 

ly,  fometimesmore  flowly.  But  efpecially,  that  great  inequality,  which 
happen’d  July  23,  is  obfervable. 

( 109O  July  23.  I included  goofberries  in  an  exhaufted  receiver, 
guarded  them  very  well  againft  the  external  air. 

Jn  two  hours  the  mercury  afeended  one  inch. 

July  24.  The  height  of  the  mercury  was  feven  inches  and  a half. 
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I tranfmitted  fome  air 


The  height  of  it  was  almoft  3 1.  I tranfmitted  fome  air  out 
of  this  receiver,  into  another  evacuated  receiver,  and  the  height 
of  the  mercury  was  26. 

31.  Theheightof  the  mercury  was  35. 

Auguft  1.  The  height  of  the  mercury  was  39.  But  fome  air  had  efca- 
ped  i and  going  to  (lop  the  receiver  clofe,  I fuffer’d  more  air  to  get  out. 
The  height  of  the  mercury  was  30. 

Aug.  2.  The  height  of  the  mercury  was  39. 
into  another  receiver. 

The  height  of  the  mercury  was  31. 

Aug . 3.  The  height  of  the  mercury  was  39. 

4.  The  height  of  the  mercury  was  41. 

5.  The  height  of  the  mercury  was  43.  I tranfmitted  the  air  into 
another  receiver. 

The  height  of  the  mercury  was  thirty  inches. 

6.  Theheightof  the  mercury  was  43. 

7.  The  height  thereof  was  47. 

8.  The  height  thereof  was  48.  But  the  air  being  tranfmitted 
into  another  receiver,  the  height  of  it  was  36. 

9.  The  height  of  the  mercury  was  41,  in  fourteen  hours. 

Aug.  10.  The  height  of  the  mercury  was  47  *,  the  air  being  tranfmitted 
into  another  receiver,  the  height  of  it  was  35,  in  twenty- 
four  hours. 

11.  The  height  of  the  mercury  was  3 8 and  a half,  in  fourteen  hours. 

12.  Theheightof  the  mercury  was  42,  in  twenty  four  hours.  I 
extracted  the  air,  and  the  height  of  the  mercury  was  26. 

13.  Theheightof  the  mercury  was  33,  in  twenty-four  hours. 

I ) ^44? 

24  1 8 >The  height  was <47^  24 

I.I9J  .C50J 

tranfmitted  the  air  into  another  receiver  ;and  the  mercurial  gage  was 
fpoiled.  I took  out  the  goofberries,  and  found  they  had  loft  their  colour 
and  almoft  all  their  acidity. 

From  hence  we  may  infer,  that  goofberries  produce  their  air  regularly* 
rmlefs  fomething  be  extracted  out  of  the  receiver  \ for  then  they  acquire 
a power  to  produce  new  air  more  fpeedily. 


The  height  of  it  was 


(no.) 
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(no. ) Sept.  12.  I put  crude  grapes  into  an  exhaufted  receiver  i but  be- Pneumat*c* 
fore  they  could  be  fenced  from  the  external  air,  as  much  had  got  in  as 
fuflain’d  three  inches  of  mercury. 


vacuo. 


Sept. 


The  height  of  it  was 


Sept. 


The  height  was<  23 


13 

14 

i6^ 

Sept.  22.  The  height  of  the  mercury  was  30 
with  a fcrew. 

23.  The  height  of  the  mercury  was  about  30  and  a half. 

24.  The  height  thereof  was  32. 


S'9 

<23 

C25 

flopped  the  receiver 


Sept. 


The  height 
of  it  was 


Oftob. 


The  height 
of 


it  was 


28 

29 
30. 

Ottob.  15.  The  height  of  the  mercury  was  46.  It  afcended  chiefly  on 
thefe  two  lafl  days,  when  the  froft  was  diffolved. 

Nov.  2.  The  height  of  the  mercury  was  54. 

5.  The  height  was  58. 

Jan.  10.  1677.  The  mercury  was  come  to  the  height  of  70  inches  ; 
yet  I perceived  no  fenfible  change  in  the  mercurial  gage,  even  when  the 
cold  was  fharpeft  ; tho’  the  grapes  and  their  juice  were  turn’d  to  ice. 

Sept.  21.  Hitherto  the  grapes  feem’d  not  altered  ; but  the  mercury  had 
afcended  a little,  becaufe  the  air  found  a paffage  out.  I open’d  the 
receiver,  and  when  the  air  broke  forth,  many  of  the  grapes  feemed  to  be 
wrinkled.  The  grapes  had  kept  their  tafle,  but  it  was  much  more  pun- 
gent, the  juice  continued  tinged  of  a curious  red  colour. 

This  experiment  feems  to  inform  us,  that  grapes  produce  not  all  their 
air,  but  in  a long  trad  of  time. 

(111.)  Aug.  10.  1677.  I put  pears,  cut  afunder,  into  an  exhaufled  re-  In  pears  in 
ceiver.  Towards  evening  the  mercury  was  rifen  ten  inches.  vacuo. 


The  height  of  it  was- 


Aug. 


The  height  was 


The  air  being  tranfmitted  into  another  receiver,  the  height  of  the  mer- 
cury remained  at  53  and  a half. 


Aug.  18 

19 


} 


The  height 
of  it  was 


C6t 

1 64 


J Aug.  2o|_ 


The  height 
of  it  was 


{ 


70 

72 


The  air  being  tranfmitted  into  another  receiver,  the  mercury  remained 
at  6 1. 

{?s 


} The  height 

(68  I 

I dug-  24^ 

J of  it  was 

i74 

1 25  J 

23 

The  air  being  tranfmitted  into  another  receiver, 
cury  was  61. 


of  it  was 
the  height  of  the  mer- 
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dug. 
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i'/VvT  Au^  The  hei§ht  of  the  mercury  was  5&  Some  air  having  aot 
^ out,  I tranfmitted  the  reft  into  another  receiver,  and  the  mercury  remain’d 

at  52. 


The  height  ofit  was- 


60  I Aug.  30 
68  I 3 1 ' 
75  1 &y>/.  1 ( 


C 83 

The  height  ofit  was<88 
C 93 


SVp/J  2.  The  height  of  it  was  100. 

Sept.  3.  The  height  of  it  was  89  ; fome  air  having  efcaped,  which 
made  me  cautious  to  prevent  the  like  for  the  future. 

Sept.  4.  The  height  of  the  mercury  was  100. 

5.  The  fame  height  continued. 

7.  The  fame  height  ftill  continued,  tho*  no  air  efcaped. 

9.  The  height  of  the  mercury  was  107. 

10.  The  height  of  the  mercury  was  the  fame. 

The  air  being  tranfmitted  into  another  receiver,  the  mercury  reftec] 


1 1 


at  99. 

Sept. 

OElob.  8. 


The  mercury  moved  not. 

The  height  of  the  mercery  was  105. 
I found  that  the  air  had  got  out. 


Mifcellaneous 


fits. 


This  experiment  feems  to  inform  us,  that  pears  produce  their  air  by 


vacuo. 


. ( 1 1 2 .)  March  1 6.  I melted  downlead,  with  a fire  in  a brafs  vefiel,whofe 

^ndfirji,  ^/-diameter  was  an  inch  and  half;  but  before  the  lead  was  concreted  by 
ied lead  <md  cold,  I put  it  into  a receiver,  out  of  which  I fuddenly  exhaufted  the  air  ; 
tin  coiled  in  whence  the  figure  of  the  lead  was  concave,  and  the  parts  of  it  the  more 
deprefied,  nearer  the  center  ; but  lead  congealed  in  common  air,  exhibits 
a convex  figure,  except  in  the  middle,  where  there  is  a little  cavity. 

I made  the  fame  experiment  on  tin,  with  the  lame  fuccefs  ; and  tho* 
both  metals  being  fluid,  and  very  hot,  had  remained  long  in  vacuo,  yet 
no  bubbles  feemed  to  rife  from  either  ; but  all  other  hot  liquors  feem  to 
yield  numerous  bubbles  in  vacuo. 

(1 13.)  Sept.  2.  I put  water  fatufated  with  fait  in  vacuo , to  try  whether 


•Salt  and  zvater 
m vacuo. 


it  would  be  there  converted  into  cryflals,  and  the  fait  be  carried  above 
the  fuperficies  of  the  water,  as  happens  in  the  free  air. 

Sept.  15.  The  water,  with  the dilfolved  fait,  abiding  in  the  fame  ftate, 
I open’d  the  receiver  ; and,  as  no  vapours  could  efcape,  ’tis  reafonable  to 
judge,  that  the  fait  could  not  there  be  converted  into  cryftals. 


The  air  of  (114 .)AuguJiS.  i6j6.  I putair  produced  from  goofeberries,  into  an 
gcofeber nes  inevacuatec|  receiver,  furniftied  with  a mercurial  gage. 

March  1.  167*.  1 perceived  no  change  in  the  height  of  the  mercury, 
and  therefore,  open’d  the  receiver. 

t.eweigj  of  (u^jAutuftK.  I took  a vial,  able  to  hold  feven  ounces,  five  drams, 
and  three  grains  of  water,  and  exhaufted  the  air  out  of  it ; and  when. 


air  to  that  of 
zvater. 


in  a balance,  it  was  fufpended  in  equilibrium,  with  another  weight,  I 

pierced 
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pierced  the  bladder  which  cover’d  the  orifice,  with  a needle,  and  then  thep''FL'VAT,cs 
vial  being  fill’d  with  air,  appear’d  heavier  by  four  grains  and  a half;  which 
latter  weight  to  the  former,  is  as  i to  814:  whence  it  follows,  that  water 
is  about  at  lead,  800  times  more  ponderous  than  air  of  an  equal  bulk. 

This  day  was  hot  and  dear ; and  fomeair  is  always  left  in  the  receivers 
after  exhauftion. 

(11 6)  Jan.  1 6.  1677.  I put  Aquafortis , with  fixed  nitre,  into  a re- -Aqua  fortis, 
ceiver  ; and  having  exhaufted  the  air  as  much  as  1 could,  poured  one  0f  and  fixed  nitre 
them  on  the  other,  and  found  much  air  produced.  I marked  the  height111 
of  the  mercury  in  the  gage. 

March  5.  Finding  the  produced  air  was  not  deftroy’d,  and  that  the 
mercury  perfifted  at  the  fame  height,  1 open’d  the  receiver,  and  found 
nitre  produced  in  vacuo  from  the  mixture. 

("117.)  May  12.  1 677.  I fill’d  a long  and  very  narrow-neck’d  vial,  OU.water, and 
with  oil,  up  to  the  middle  of  the  neck,  and  put  it  into  a receiver,  firmly  fPirit  °f  w[ne* 
flopp’d  by  the  help  of  a fcrew  ; into  which  I afterwards  intruded  air.  l*™mPreJsd 
till  it  fuftain’d  120  inches  of  mercury  above  its  wonted  height.  The  oil, 
in  the  neck  of  the  vial,  appear’d  deprefifed  about  a quarter  of  an  inch; 
the  caufe  whereof  I judg’d  to  be  the  comprefiure  of  the  air  ; but  having 
eifed  the  fcrew,  and  thereby  fuffer’d  the  air  to  break  in,  and  being  dilated, 
the  oil  did  not  afcendat  all  ; fo  that,  I fuppofe,  it  was  condenfed  only 
by  cold. 

Auguft  5.  I made  the  fame  experiment,  after  the  fame  manner,  ufing 
water  inftead  of  oil  ; yet  could  perceive  no  change  of  the  height  of  the 
water  in  the  neck  of  the  glafs ; tho’  the  heat,  being  moderate,  might  have 
produced  a fenfible  efredl. 

Jan . 14.  1678.  Finding,  by  fome  experiments,  that  comprefied air 
enters  into  the  pores  of  the  water,  and  pierces  even  to  the  bottom,  a fufpi- 
cion  might  arife,  that  the  water  was  not  condenfed  by  the  comprefied  air, 
becaufe  the  air  entring  into  the  pores,  made  the  prefiure  within  equal  to 
that  from  without;  I,  therefore,  filled  the  abovefaid  glafs  with  fpirit  of 
wine  ; leaving  only  the  length  of  three  inches  in  the  top  of  the  neck  there- 
of, which  was  filled  with  air  only.  Then  applying  my  hands  to  the  glafs, 
the  fpirit  of  wine  being  heated,  foon  filled  the  whole  neck  to  the  top. 

The  glafs  being  now  inverted  into  a vefifel  of  mercury,  I removed  my 
hands,  when  the  fpirit  of  wine  being  foon  cooled,  fuffer’d  the  mercury  to 
pofifefs  three  inches  in  height.  I put  the  vefiel,  and  the  glafs,  in  that  po- 
fture  into  a receiver,  and  afterwards  comprefs’d  the  air  therein,  till  the 
mercury  exceeded  its  wonted  height  90  inches ; yet  there  was  no  fenfible 
condensation  of  the  fpirit  of  wine,  nor  any  afcent  of  the  mercury  : how- 
ever, it  is  certain,  that  no  air  had  crept  in,  becaufe  the  mercury  hinder’d 
it ; and  the  receiver  being  open’d,  when  the  air,  that  comprefs’d  from 
without,  was  dilated,  no  bubbles  appear’d  in  the  fpirit  of  wine. 

Here  it  feems  worth  enquiring,  how  the  fpirit  of  wine  was  fo  fenfibly 
condenfed  by  a moderate  cold,  and  not  at  all  by  a great  comprefiure  of 
the  air. 

C*i8,) 
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(II S.)  May  12.  1676.  I poured  fpirit  of  wine  into  a glafs  veflel,  and 
added  fome  drops  of  oil  of  turpentine  thereto,  which  fwimming  upon  the 
and  oil  of  tur-  fpirit  of  wine,  began  to  be  there  whirl’d  about.  I put  the  glafs  veflel' 
pntine  in  va-  0n  the  pneumatic  engine,  and  cover’d  it  with  a receiver  ; yet  the  bubbles 
did  not  at  all  ceafe  to  move  up  and  down.  Then  I pump’d  out  fome  of 
the  air ; when  the  bubbles,  emerging  from  the  fpirit  of  wine,  adhered 
to  the  drops  of  oil,  and  carried  them  to  the  Tides  of  the  veflel,  and  there 
detained  them  ; yet  two  drops,  free  from  fuch  bubbles,  proceeded  to 
have  a further  motion.  Afterwards,  I wholly  exhaufted  the  receiver, 
and  fome  drops  rofe  to  the  top  thereof,  by  the  force  of  the  bubbling  fpi- 
rit of  wine  *,  but  the  remaining  drops  continued  to  be  moved  a little, 
and  foon  after  refted.  The  air  being  admitted,  the  drops  began  again  to 
renew  their  motion,  but  it  was  flow,  and  quickly  ceafed. 

I repeated  the  experiment  with  fpirit  of  wine,  and  oil  of  turpentine, 
purged  from  air  ; and  no  ebullition  was  then  made,  nor  did  any  bubble 
appear  ; but  the  drops  of  the  oil  of  turpentine  were  moved  in  vacuo , as 
in  the  open  air. 

Hence  it  feems  to  follow,  that  the  caufe  of  the  motion  of  the  drops, 
is  not  owing  to  the  diflolution  ; for  all  diflolutions  in  vacuo,  have  hitherto, 
feemed  to  me,  to  produce  bubbles. 

Ratifies  and  (1 19.)  May  1 9.  1 676.  Yefterday  I left  two  radifhes  in  vacuo , one  of  them 
in  va‘  hanging  with  the  root  downwards,  the  other  in  a contrary  pofture  *,  andJ 
both  cut  tranfverfly,  refled  over  a veflel,  which  contain’d  red  wine.  Thcfe 
remaining  for  a whole  night  in  vactio , feem’d  well  purged  of  their  air.  O- 
pening  the  receiver,  I added  two  other  radifhes  to  the  former,  cut  after 
the  fame  manner,  having  firft  taken  off  their  thick  fkin.  Then  exhaufting 
the  receiver,  I immerg’d  the  cut  part  of  all  the  radifhes,  at  once,  into  the 
fubjacent  wine  ; upon  which  many  bubbles  feem’d  to  arife  from  them  : 
and  more  bubbles  proceeded  from  thofe  radifhes  which  were  purged  of  air, 
for  a whole  night,  than  from  thofe  which  had  not  remained  above  half  an 
hour  in  vacuo , with  their  fkins  off. 

Hence  bubbles  feem  to  be  formed  of  particles  of  air,  fwimming  in  wa- 
ter*, and  becaufe  in  the  fkin  there  are  fome  canals,  fit  to  retain  parts  of 
air,  the  peeled  radifhes  afforded  no  opportunity  for  the  formation  of  fa 
many  bubbles. 

The  liquor  afcended  no  lefs  into  thofe  radifhes  which  hung  with  their 
roots  upwards,  than  into  the  others. 

A f mail  glafs  (1 20.)  May  4.  1676.  I immerged  one  end  of  a fmall  open  glafs  tube, 
*in  water  g the  *nt0  water  Aagnant  in  vacuo,  and  prefently  the  water  afcended  up  into 
infufion  of  ne-  it,  as  ufual  in  common  air,  and  to  the  fame  height ; but  foon  after,  many 
pbritic  wood  bubbles  being  formed  there,  raifed  the  water  higher,  and  kept  it  fufpended 
a . d fpint  of  jn  three  different  places,  intercepted  by  many  bubbles  *,  and  feveral  other 
«/^,mvacuo.  feemec}  t0  pafs  out  from  the  end  immerfed  in  water. 

Then  fealing  the  other  end  of  the  tube  hermetically,  and  making  the  ex- 
periment in  common  air,  the  water  afcended  not  up  into  the  tube  at  the 
open  end.  But  in  vacuo,  it  afcended  therein,  as  if  it  had  been  open  at 

both 
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both  ends ; and  many  bubbles  fuddenly  form’d,  feparated  the  water,  * ********* 
contained  in  the  tube,  to  a great  diftance,  as  before:  in  the  mean  time, 
many  other  bubbles  feemed  inceflantly  to  pafs  out  from  the  end  of  the 
tube  immerfed,  though  they  afterwards  appeared  lefs  frequent. 

But  the  water  being  fufpended  higher  in  the  tube,  feem’d  to  contain  no 
bubbles,  whilft  the  end  only  emitted  fo  many. 

Then  I took  out  that  end  from  the  water,  and  no  more  bubbles  appear’d, 
tho’  it  was  wholly  filled  with  a cylinder  of  water. 

May  5.  I repeated  the  experiment  ; but  before  I had  immerfed  the  end  of 
the  tube  in  water,  a drop,  which  ran  over  from  the  upper  aperture  of 
the  receiver,  flowed  down  to  the  open  end  of  the  tube,  and  penetrated  into 
it  to  the  height  of  two  lines ; and  no  bubble  was  formed  there  in  a full 
half  hour.  I afterwards,  plunged  the  end  of  the  tube  into  the  water  of 
the  veflfel,  and  bubbles  foon  began  to  be  formed  as  before;  fome  of  which 
fucceeded  others  within  half  a minute  : but,  afterwards,  they  were  lefs 
frequent.  Repeating  this  experiment,  many  times,  I perceived,  that 
when  the  water  was  extradled  from  the  tube,  no  bubbles  appear’d  ; but  if 
it  were  immerged  in  water,  fome  would  adhere  to  the  end  of  it,  either 
fooner  or  later. 

, May  6.  I made  the  fame  experiment,  with  the  infufion  of  nephretic 
wood,  with  a like  fuccefs ; excepting  that  the  bubbles  emerged,  and  pe- 
netrated the  liquor,  before  they  had  acquired  any  confiderable  bignefs: 
whence  we  may  conjecture,  that  this  liquor  is  very  thin,  and  hath  no  vif- 
cofity  to  refill  a pervading  body. 

May  10.  I repeated  the  fame  experiment  with  fpirit  of  wine,  mixed  with, 
a certain  oil,,  made^r  deliquium , but  found  nothing  new  ; only  the  liquor 
afcended  not  fo  high  into  the  tube. 

Hence  the  bubbles  feem  to  be  formed,  at  the  extremity  of  the  tube,  of 
aerial  particles,  fwimming  in  the  water  ; which  finding  fome  impediment 
at  that  end,  cannot  pafs  by,  and  fo,  new  ones  coming  upon  them,  they 
fwell  into  bubbles. 

( 1 2 1.)  July  18.  1676.  Two  days  ago,  I took  fome  horfe-beans,  and  ftorr^ysans 
included  them  in  an  iron  tube,  clofely  flopped  ; firft  pouring  water  on  the  and  water  in * 
comprefled  beans,  till  the  tube  feem’d  wholly  full  *,  to  try  whether  the  eluded  in  an 
expanfive  force  of  the  beans  would  break  the  tube.  This  day  the  tube iron  tu^e% 
feem’d  not  to  be  altered,  but,  the  ftopple  being  loofen’d,  fome  air  broke 
out,  and  much  water,  which  was  not  imbibed  by  the  beans,  fell  upon  the 
ground:  then  we  heard  a noile,  as  it  were,  of  bubbling  water,  for  above 
an  hour. 

July  25.  The  tube  remained  in  the  lame  pofture;  but  now  one  of  the 
ends  of  it  being  unftopped,  and  fome  beans  taken  out,  the  murmur  of  the 
bubbling  water  was  heard  as  before. 

From  hence  it  feems  to  follow,  that  beans  contain  air,  which,  in  a 
great  comprefifure,  cannot  efcape  ; but  breaks  out,  if  freed  from  the 
comprefling  force. 

( 122, ) 
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Pn 


jeuma  t i c s 


certain  oil 
and  fpirit  of 
zvine  in  vacuo 


( 122.  ) March  4.  1677.  I put  a glafs,  half  full  of  fpirit  of  fal  armo- 
niac,  and  copper  filings,  into  a well  exhaufted  receiver,  and  (lopp’d  it 
armni{fa/andu P:  *n  I5m^nutes>  the  liquor  had  contracted  a blue  colour,  very  much 
\-opper  filings  diluted ; bnt,  the  air  being  admitted,  in  three  minutes  the  blue  colour 
i!i  vacuo.  appeared  vivid  and  thick.  I put  the  liquor  fo  tinged,  again  in  vacuo,  to 
try  whether  that  colour  would,  in  time,  vanifh. 

April  4.  The  blue  colour  almoft  quite  difappear’d,  but  quickly  return’d 
upon  admiftion  of  the  air. 

(123.)  May  8.  I put  a certain  oil,  mad epcr'diliquium,  and  fpirit  of 
wine,  into  an  exhaufted  receiver : the  fpirit  always  fwam  on  the  top  *,  and, 

‘ left  the  fpirit  fhould  bubble  over  the  edges  of  the  ve (Tel,  I extracted  the 
air,  by  degrees  •,  when,  at  firft,  great  bubbles  arofe  from  the  fpirit,  and 
but  very  imall  ones  from  the  oil;  after  one  hour,  the  oil  afforded  large 
bubbles,  which,  from  being  fmall  at  the  bottom,  fill’d,  in  their  afcenr, 
the  whole  breadth  of  their  veffel:  and,  after  another  hour,  fome  bubbles 
broke  out  with  fo  great  force,  that  they  hit  againft  the  top  of  the  receiver. 

May  9.  I repeated  the 'experiment  in  a glafs  fomewhat  long  and  nar- 
row, that  I might  the  better  perceive  the  motion  of  the  bubbles  •,  and  I 
law  the  bubbles  pafting  out  of  the  oil  into  the  fpirit  of  wine,  without 
any  great  increafe  of  their  quantity : but  being  diftant  only  one  quarter 
of  an  inch  from  the  fuperficies,  they  were  fuddenly  expanded. 

Aquafortis,  ( 124.  ) May  3.  1676.  I mixed  a quantity  of  Aqua  forlis , with  a larger 
^andiron  Tn  va-  ^Prit  w*ne  » then  diftributed  the  mixture  equally  into  three  glafs  vef- 
cuo,  and  com-  Tels,  and  put  three  equal  pieces  of  iron  into  them,  to  each  veffel  one.  This 
mn  air . done,  I included  one  of  the  three  veffel 3 in  vacuo\  and  there  many  great  ebul- 

litions were  made.  In  a quarter  of  an  hour  I took  out  the  veffel,  and 
found  the  liquor  black  and  turbid  ; whilft  the  other  two  veffels  had  their 
liquor  not  alter’d  in  colour;  only  fome  black  powder  appear’d  at  the  bottom. 

One  of  thefe  two  veffels  I put  in  vacuo , and  there  arofe  ebullitions,  great 
indeed,  but  much  lefs  than  the  former : in  one  quarter  of  an  hour,  1 took  out 
the  veffel  , and  found  the  liquor  black,  yet  lefs  fo  than  the  former;  but  that 
which  was  left  always  in  the  air,  remain’d,  in  a manner,  unchanged. 

May  4.  In  the  morning,  the  liquors  in  the  two  veffels,  put  in  vacuo , 
appear’d  clear  and  green. 

But  that  in  the  open  air  bubbled  more  ftrongly,  than  it  did  yefterday, 
and  was  of  a red  colour.  I put  the  three  veffels  together  in  vacuo , and  per- 
ceiv’d no  remarkable  ebullition,  only  fome  bubbles  appear’d  larger  in 
the  red  liquor,  than  in  the  other  two. 

From  hence  it  feems  to  follow,  that  fpirit  of  wine  accelerates  ebullition 
in  vacuo . 

( 125.,)  Jan,  21.  1678.  I had  a glafs  half  full  of  fpirit  of  fal  armoniac, 
and  filings  of  copper,  the  mouth  whereof  was  fo  exactly  flopp’d,  that  the 
blue  colour,  induced  by  the  external  air,  now  wholly  dilappear’d.  The 
ftopple  was  made  of  leather,  prepar’d  after  a particular  manner. 

This  glafs  I fet  in  vacuo , with  unfermented  pafte,  that  the  receiver  being 
full  of  air,  from  the  pafte,  I might  perforate  the  leather  that  Hopp’d  the 

glafs ; 


Spirit  of  fal - 
-armoniac  and 
copper  filings 
in  artificial 
air  ofpafie. 


Phyjico-mechamcal  Experiments. 


623 


Pneumatic* 


glafs ; and  try  whether  the  contact  of  the  air,  generated  from  the  pa  fie, 
would  alfo  communicate  a colour  to  the  liquor. 

Jan.  22.  There  was  no  need  to  perforate  the  leather  ; for  I found  the 
liquor  already  tinged  •,  whence  it  is  probable,  that  air  produc’d  from  pafte 
is  endu’d  with  fuch  minute  particles,  as  to  penetrate  leather,  which  is  im- 
pervious to  common  air. 

Jan . 25.  The  liquor  became  almoft  colourlefs  ; whence  it  appears  that 
common  air  is  too  thick  to  penetrate  all  paflages,  which  are  pervious  to 
air,  produc’d  from  pafte. 

Feb . 2.  I put  the  fame  vial  in  vacuo , but  did  not  cement  the  receiver  to 
the  cover  ; fo  that  the  air,  gradually  entring,  in  twenty-four  hours,  fill’d 
the  receiver,  as  it  was  leifurely  fill’d  with  the  air  produc’d  from  pafte  ; yet 
the  liquor  ftill  remain’d  colourlefs. 

Feb . 15. 1 put  the  fame  glafs  again  in  vacuo>  with  fome  quantity  of  pafte  ; 
but  this  time,  the  air  produc’d  from  thence,  did  not  pervade  the  leather, 
as  it  had  done  before,  and  the  liquor  was  not  at  all  tinged. 

(12 6.)  April  2.  1678.  I put  a fhrew-moufe  into  the  filtrating  engine  ; A'Jf>rew-mufe 
and  when  1 perceiv’d  him  reduc’d  to  extremity,  I began  to  ftir  the  pump7-*  an engine 


that  Jiltres  air 
thro ’ water . 


in 


air . 


that  the  air  might  be,  as  it  were,  filtred  thro’  the  water.  The  moufe,  a 
while  after,  feem’d  to  be  better,  yet  not  wholly  reftor’d  ; and  having  been 
long  kept  fafting,  I am  uncertain,  whether  he  died  for  want  of  aliment, 
or  of  new  air. 

April  12.  I repeated  the  experiment  with  a fmall  weakly  moufe,  that 
had  been  kept  a long  time  without  food.  And  finding  the  fame  fuccefs  as 
before,  I took  out  the  moufe  before  he  was  dead,  but  he  recover’d  not : 
fo  that  more  experiments  are  requir’d,  to  fhew  the  effect  of  this  filtration. 

(127.)  May  2.  1678.  Six  weeks  ago,  I included  frog-fpawn  in  three  re-  ?roZ\ 
ceivers,  thefirftof  which  was  exhaufted  *,  the  fecond  contain’d  common 

j-  . n 1 air>  an“  com~ 

air  j and  into  the  third,  I intruded  fo  much  air,  that  the  mercury  reltea  prejfd 
fixty  inches  above  its  ufual  height. 

In  fifteen  days,  the  mercury  in  the  evacuated  receiver  rofe  an  inch.  The 
fpawn  in  the  common  air  feem’d  corrupted,  and  of  ablackifh  colour  ; but 
that  in  the  comprefs’d  air,  remain’d  unalter’d  in  colour  ; tho’  no  frogs 
were  generated. 

In  a month’s  time,  the  fperm  in  vacuo  had  not  changed  its  colour,  ex- 
cepting the  black  round  fpots  ; but  feem’d  reduc’d  into  water  : the  colour 
of  that  in  the  common  air  was  very  black,  but  in  the  comprefs’d  air  the 
fpawn  began  to  be  recldifh. 

As  yet,  no  change  was  perceiv’d,  either  in  the  fpawn  in  vacuo , or  that 
in  the  common  air;  but  in  the  comprefs’d  air  it  appear’d  redder. 

May  22.  The  fperm  in  vacuo  was  not  chang’d  ; in  the  comprefs’d  air  it 
remain’d  red  ; but  in  the  common  air  it  again  became  colourlefs. 

June  23.  The  fperm  in  vacuo , and  in  common  air  was  not  tinged,  but 
in  the  comprefs’d  air  it  inclin’d  to  green. 

Obiob.  15.  I took  the  fpawn  from  all  the  veffels ; that  kept  in  vacuo  was 
a 1 mbit  exhaled  out  of  its  veffel,  and  appear’d  ftagnantin  the  receiver,  like 
clear  water  ; that  in  the  common  air  remain’d  colourlefs ; but  that  in  the 
comprefs’d  air  ftill  kept  its  red  colour.  (128.) 
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(12 S.)Mayg,  1678.  Six  days  ago,  I included  two  pieces  of  the  fame 
orange  in  two  receivers,  not  quite  of  equal  bignefs  ; in  the  greater,  there 
was  left  fome  quantity  of  water,  fo  that  the  fame  fpace  remain’d  for  the 
air  in  that,  as  in  the  lefs.  The  orange  included  with  water,  tho’  it  were  not 
touch’d  by  it,  was  four  times  more  mouldy,  than  that  kept  without  wa- 
ter. 

And  therefore,  in  repeating  this  experiment,  I put  two  pieces  of  the 
fame  orange  into  two  receivers,  but  fill’d  the  third  part  of  one  of  them 
with  water,  yet  fo,  that  it  did  not  reach  the  orange. 

June  15.  Neither  of  the  pieces  had  contracted  any  mouldinefs. 

May  1 6.  I repeated  the  experiment  with  the  fame  fuccefs,  only  neither 
orange  had  acquired  any  mouldinefs  in  the  fpace  of  more  than  a month  •, 
tho’  in  former  experiments,  all  fuch  oranges  grew  mouldy. 

The  caufe  of  the  difference,  feems  to  be  fome  particular  difpofition  of 
the  air. 

(129 ,)Jtine  1.  1678.  I put  a fmall  glafs  tube,  half  full  of  Venice  tur- 
pentine, into  our  wind-gun  ; and  had  lcarCe  reduc’d  the  air  to  the  tenth 
part  of  its  wonted  fpace,  but  the  leather  fpread  over  the  elliptic  valve, 
was  driven  out  ; fo  that,  the  air  having  efcap’d,  I drew  the  glafs- tube  out 
of  the  engine,  and  found  many  bubbles  formed  in  the  fuperficies  of  the 
turpentine.  I therefore,  fufpedted  that  the  air  had  pervaded  the  turpen- 
tine ; and  that  it  would  have  penetrated  deeper  into  it,  if  they  had  remain’d 
longer  thus  inclos’d  together.  I plac’d  the  fame  tube  in  the  fame  gun, 
and  there  left  it  in  air  reduc’d  to  about  the  fifteenth  part  of  its  natural  fpace. 

Jitney.  I open’d  the  engine,  and  taking  out  the  tube,  found  the  tur- 
pentine almoft  free  from  bubbles  *,  yet  by  degrees,  many  were  formed 
therein,  in  the  parts  remote  from  the  fuperficies. 

June  4.  I put  new  turpentine  into  the  fame  tube,  and  included  it  in  vacuo , 
that  it  might  be  the  better  purged  of  air  ; thenl  pour’d  the  water  upon  it, 
and  fhut  up  all  in  the  wind-gun. 

June  8.  1 open’d  the  engine,  and  at  firft:  fight,  both  the  water  and  the 
turpentine  in  the  tube,  feem’d  to  be  very  free  from  bubbles;  but  foon  after 
I perceiv’d,  that  bubbles  were  form’d  in  the  turpentine,  and  that  they  af- 
cended  by  degrees  ; fome  of  them  feem’d  to  be  made,  almoft  at  the  ve- 
ry bottom,  about  half  an  inch  below  the  fuperficies  of  the  turpentine. 
Whence  we  may  conjecture,  that  all  the  water,  and  fo  great  an  height  of 
the  turpentine,  were  pervaded  by  the  air,  which  formed  thofe  bubbles. 

(130.)  Augtiji  1 1 . 1678.  I included  fpirit of  fal  armoniac,  with  a mer- 
curial gage,  in  vacuo  ; and  after  the  fpirit  ceas’d  to  emit  any  bubbles, 
I mix’d  copper- filings  therewith,  which  caus’d  many  bubbles  to  rife  again; 
but  they  were  fo  far  from  producing  any  air,  that  they  confum’d  what  was 
there  before.  But  the  liquor  became  greenifh  and  turbid. 

Decenib . 5.  The  fpirit  was  almoft:  all  exhaled  out  of  the  containing  vefiel, 
and  being  condens’d  in  the  receiver,  remain’d  ftill  turbid,  by  reafon  of 
much  filth,  which  was  included  there:  but  that  which  was  not  exhaled  out 
of  the  veffel,  appear’d  clear  like  water.  The  mercury  alfo,  was  wholly 

expell’d 


P hyfico-tnechanical  Experiments. 

expelled  out  of  the  gage.  Whence  I conjecture,  that  the  air  in  the  recei- 
ver was  gradually  more  confumed. 

(13 1.)  Sept.  2.  1678.  I put  two  cylinders,  one  of  tin,  the  other  of  lead, 
in  vacuo  \ their  lowed  parts  were  immerfed  in  mercury  ; and  at  the  fame 
time  I immerfed  two  other  cylinders,  like  the  former,  after  the  fame  man- 
ner in  mercury  *,  but  thefe  latter  were  left  in  the  free  air. 

Sept.  6.  I opened  the  exhaufled  receiver,  and  the  mercury  in  the  tin  cy- 
linder was  rifen  4 inches  and  a half  above  the  fuperficies  of  the  flagnant 
mercury  *,  and  cutting  the  cylinder  tranfverfly,  in  the  middle  of  that  height, 
the  amalgam  feem’d  to  have  penetrated  into  the  cylinder  about  half  a fine. 
And  cutting  the  cylinder  tranfverfly  again  in  that  part,  which  was  diflant 
only  one  inch  from  the  fuperficies  of  the  flagnant  mercury,  I found  the 
thicknefs  of  the  amalgam  equal  to  one  line. 

In  the  lead-cylinder,  the  mercury  rofe  two  inches  and  a half ; but  only 
as  far  as  the  fuperficies  ; and  the  very  part  immerfed  in  the  mercury,  was 
not  penetrated  by  it  to  any  fenfible  thicknefs. 

Sept.  7.  I took  the  tin  cylinder  left  in  the  air,  out  of  the  mercury,  in 
which  it  was  immerfed,  and  found  the  mercury  to  have  afcended  to  the 
height  of  five  inches. 

Sept.  10.  The  fame  cylinder  being  left  in  the  mercury,  feemed  to  be 
befmeared  therewith  to  the  very  top,  fix  inches  and  more  above  the  fu- 
perficies of  the  flagnant  mercury.  When  the  cylinder  was  tranfverfly  cut 
in  feveral  places,  the  mercury  appeared  to  have  pierced  the  deeper  into 
the  tin,  the  nearer  it  came  to  the  flagnant  mercury  ; fo  that  in  the  part 
adjacent  to  the  mercury,  almoft  the  whole  diameter  of  the  cylinder,  three 
lines  broad,  was  penetrated  thereby. 

In  the  lead  cylinder,  the  mercury  exceeded  not  the  height  of  3 inches 
and  a half ; neither  had  it  penetrated  to  any  fenfible  thicknefs.  Whence  it 
appears,  that  the  weight  of  the  air  contributes  little  or  nothing  to  the  af- 
cent  of  mercury  into  metals. 

(132. ) Decemb . 12.  1678.  I took  a fmall  whiting,  and  having  cutoff* 
his  head,  divided  him  tranfverfly  into  five  pieces  *,  the  firfl  whereof  I in- 
cluded in  vacuo.  The  fecond  in  common  air.  The  third  in  air  fo  com- 
prefied,  as  to  fuflain  mercury  50  inches  above  its  wonted  height.  Thefe 
three  receivers  were  clofed  with  fcrews.  The  fourth  piece  was  put  into  a 
receiver  full  of  air,  produced  from  pafle,  which  was  prefently  flopt.  The 
fifth  was  left  in  the  free  air. 

Decemb . 15.  In  the  morning,  that  part  of  the  whiting  which  was  left  in 
the  free  air,  began  to  fhine  j and  towards  evening  it  gave  a more  vivid 
light. 

Decemb.  16.  In  the  morning,  the  whiting  left  in  the  free  air,  ceafed  to 
fhine  •,  but  towards  evening  fhone  again. 

Decemb.  17.  This  morning  the  fame  part  of  the  whiting  fhone  a little, 
yet  lefs  than  yeflerday  in  the  evening. 
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pniumatks  Decemb.  18.  In  the  morning  there  appeared  no  light,  tho*  I long  fixed 
my  eyCS  upon  the  receiver  in  a dark  place  ; but  the  night  coming  on,  the 
light  appeared  again. 

Decemb . 20.  Hitherto  the  fame  part  of  the  whiting  left  in  the  air  conti- 
nued to  fhine  ; but  all  the  other  parts  did  not  yet  begin  to  do  fo. 

Decemb . 22.  Yefterday,  the  light  of  the  whiting,  left  in  the  air,  had  not 
quite  ceafed ; but  this  day  it  appeared  no  more. 

Decemb . 24.  The  part  of  the  whiting  in  the  free  air,  entirely  gave 
over  (Lining  ; that  included  in  common  air,  did  yefterday  yield  a faint 
light  ; but  this  day  it  (hone  no  more. 

Decemb.  26.  No  more  light  appeared  in  that  in  the  common  air  •,  but 
the  three  other  pieces  did  not  begin  to  (hine. 

Jan.  26.  1679.  I perceived  no  more  (hining  in  any  one  of  the  receivers* 
Artificial  air  C 1 3 3 •) 3 • I^77*  I tranfmitted  air,  produc’d  from  cherries,  into  a 
of*  rece'ver  of  common  air,  but  fo  ftopt  with  a ferew,  that  the  mer- 

cherr'mtranf-  CUI7  afeended  to  25  inches  above  its  ufual  height. 
mitted  into  a Aug.  4.  The  mercury  was  deprefted  about  two  inches.  The  height  of 
receiver  full  of  fa  this  day  was  only  23. 

common  air.  Aug.  6.  The  height  thereof  was  reduced  to  20.. 

Aug.  7.  The  height  thereof  the  fame. 

Aug.  8.  The  mercury  was  fomewhat  deprefied. 

Aug.  10.  The  height  of  it  was  19  and  a half,  above  its  ufual  ftai> 
dard  •,  and  perceiving  little  or  no  alteration,  I opened  the  receiver. 

Hence  we  have  a confirmation,  that  air  produced  from  fruits,  at  the 
beginning,  is  in  part  deftroy’d  ; but  that  the  reft  can  very  long  retain  the 
form  of  air. 

Wat  oj  fal-  (134.)  May  26.  1 676.  I put  fix  grains  of  fal-armoniac  into  a receiver, 
til  of  vitriol,  with  a fufficient  quantity  of  oil  of  vitriol  *,  then  the  air  being  exhaufted, 

I forced  down  the  fait  into  the  oil  ; whereupon  a great  ebullition  pre- 
fently  follow’d,  and  the  mercury  afeended  in  the  gage  almoft  to  its  wonted 
height  ; but  prefently  after  it  funk  again,  and  return’d  to  its  former  (late. 

May  27.  I repeated  the  experiment,  the  fait  remaining  ten  hours  in  va- 
cuo before  it  was  put  into  the  oil  ; but  the  ebullition  proceeded  as  before; 
yet  the  air  was  produced  much  more  (lowly,  nor  could  it  wholly  be  de- 
ftroyed  in  7 or  8 hours  time  ; yet  at  laft  the  mercury  defeended  to  the 
very  bottom. 

May  29.  I made  the  fame  experiment  again,  leaving  the  materials  for 
24  hours  in  vacuo ; the  ebullition  feemed  much  lefs,  and  the  air  was  pro- 
duced, both  in  a lefs  quantity,  and  more  (lowly  than  before.  I obferved 
alfo,  that  whilft  the  materials  remained  in  vacuo , before  their  mixture, 
the  mercury  came  nearer  to  the  open  end  of  the  gage,  at  if  fome  air  had 
been  either  extra&ed  or  deftroyed. 

June  8.  I put  oil  of  vitriol  alone  into  a receiver,  in  which  I left  only  a 
fifth  part  of  common  air,  to  try  whether  this  oil,  without  fal-armoniac, 
would  diminifh  the  elaftic  force  of  the  air  ; but  the  force  of  the  air  was 
increafe_d,  and  the  mercury  in  one  hour’s  time  feemed  to  have  alcended  a 
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little  into  the  gage  i tho’  afterwards  for  24  hours  no  change  happened. 

This  experiment  fhews,  that  fome  artificial  air  may  be  deftroyed  i but 
why  this  deftru&ion  happens,  fometimes  fooner,  fometimes  later,  deferves 
a further  enquiry. 

( 1 3 5»)  July  IO-  I put  pafte,  made  two  days  before,  and  now 

grown  fourifh,  into  a receiver,  and  ftopt  it  firmly  with  a fcrew. 

In  one  hour  the  height  of  the  mercury  was  one  inch. 

In  feven  hours  the  height  of  it  was  fix. 

July  11.  The  height  of  it  was  eleven. 

July  12.  The  height  of  the  mercury  was  24. 

July  13.  The  height  thereof  was  30. 

July  14.  The  height  of  the  mercury  was  fenfibly  greater. 

July  15.  The  mercury  afcended  a little.  Meafuring  its  height  exactly, 
I found  it  38  inches. 

July  19.  No  more  air  was  produced  from  the  pafte. 

July  10.  1676.  I put  another  quantity  of  the  fame  pafte,  much  lefs 
than  the  former,  into  an  exhaufted  receiver. 

Tho’  the  quantity  of  the  pafte  was  lefs,  yet  in  one  hour’s  time  the  height 
of  the  mercury  was  two  inches. 

In  feven  hours  the  mercury  came  almoft  to  the  top  of  the  gage  ; but  it 
was  a fhort  one. 

July  19.  The  pafte  was  not  able  to  move  the  receiver  from  its  cover ; 
tho’  at  the  beginning,  it  had  produced  a greater  quantity  of  air,  than  the 
pafte  in  common  air.  I endeavoured  to  fire  it  with  a burning-glafs,  and 
the  fumes  elevated  therefrom,  afterwards  falling  upon  the  pafte,  tinged 
the  fuperficies  thereof  with  a pleafant  yellow  colour ; and  that  air  was 
thus  produced,  I conjectur’d,  becaufe  the  cover  was  afterwards  eafily  fe- 
vered from  its  receiver. 

Hence  we  learn,  that  air  is  fometimes  generated  much  more  eafily  in 
V&CUO)  than  in  common  air. 

(136.)  Auguft  20.  1676.  I put  pafte,  kept  for  24  hours,  in  a receiver 
full  of  common  air  ; to  which  I added  new  air,  fo  that  the  mercury  ex- 
ceeded its  wonted  height  4 inches  and  a half. 

In  6 hours  the  mercury  gain’d  almoft  4 inches,  and  its  height  was  8. 

Aug.  21.  The  afcent  of  the  mercury  was  4 and  |. 

Aug.  22.  The  afcent  of  it  was  about  1. 

23.  The  afcent  of  it  was  half  an  inch. 

26.  For  three  whole  days  the  afcent  of  the  mercury  was  only  half 
an  inch. 

27.  There  was  no  afcent  of  it  at  all. 

29.  The  pafte,  taken  out  of  the  receiver,  fmelt  acid. 

Auguft  20.  I put  another  quantity  of  the  fame  pafte  into  an  exhaufted 
receiver,  and  obferved  the  fame  proportion  between  the  quantity  of  the 
pafte,  and  the  capacity  of  the  veflel,  as  in  the  former  experiment. 

The  mercury  prefently  feemed  to  have  afcended.  Its  height  was  two 
inches.  L 1 1 1 2 Aug. 
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Yilberd  kernels 
in  vacuo. 


And  filler  d- 
kernels  in  com- 
mon air. 


Raifins  with 
water  in  va- 
cuo. 


And  raifins 
with  water 
common  air . 
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Aug . 21.  The  afcent  of  the  mercury  was  5. 

22.  The  afcent  of  it  was  3. 

23.  The  afcent  of  the  mercury  was  r. 

26.  For  three  whole  days  the  afcent  of  it  was  2. 

27.  There  was  no  afcent  of  the  mercury. 

29.  I took  out  the  pafte,  exhaufted  of  its  air,  from  the  receiver. 
This  experiment  farther  confirms,  that  air  is  fometimes  more  eafily 
produced  in  vacuo , than  in  common  air. 

(137.;  Sept . 4.  1677.  I put  the  kernels  of  filberds  into  an  exhaufted 
receiver. 

Sept.  5.  The  height  of  the  mercury  was  5 inches. 


Sept.  6 C 1 0 

7 ( The  height  ) 10 

8 ( of  it  was  ^12 

9)  C 15 


Sept.  1 1 

r is 

1 2 c 

The  height 

> 23 

J3f 

of  It  was 

/ 27 

14) 

v 29 

Sept.  15.  The  height  of  it  was  almoft  the  fame. 

17.  The  height  of  it  was  30. 

18.  This  day  the  air  began  to  get  out  of  the  receiver  ; for 
fome  bubbles  appeared  in  the  turpentine,  which  clofed  the 
juncture  of  the  receiver  and  cover. 

( 138.)  Sept.  4.  I put  kernels  of  filberds  into  a receiver  with  common 
air. 


In  the  afternoon  the  quantity  of  air  feemed  to  be  lefifened. 

Sept.  5.  The  height  of  the  mercury  was  lefs  than  half  an  inch. 

6.  The  height  of  it  was  the  fame. 

7.  The  height  of  it  was  one  inch. 

8.  The  fame  height  continued. 

18.  The  fame  height  continued. 

This  experiment  confirms,  that  fometimes  air  is  produced  much 
more  eafily  in  vacuo , than  in  common  air. 

(139.)  September  15.  1677.  I included  8 ounces  of  raifins  of  the  fun, 
bruifed  and  diluted  with  a little  water,  in  an  exhaufted  receiver,  able  to 
hold  22  ounces  of  that  fluid. 

Sept.  1 6.  The  height  of  the  mercury  was  fix  inches. 


Sept. 


1 7 

18 


The  height 
of  it  was 


f 10  I Sept.  1 9*7 

1*5  I 20j 


The  height 
of  it  was 


{ 


29 
2 9 


Sept.  21.  This  day  I found  the  receiver  forced  from  its  cover. 

Sept . 24.  I took  out  fome  of  the  raifins,  but  thofe  that  remained  I in- 
clofed  in  the  fame  evacuated  receiver. 

Sept.  25.  The  raifins  forced  the  receiver,  now  full  of  air,from  its  cover. 
September  15.  1677.  I put  8 ounces  of  raifins  of  the  fun,  bruiled  and 
* diluted  with  a little  water,  into  a receiver,  able  to  hold  22  ounces  of  wa- 
ter ; but  did  not  exhauft  the  air  at  all. 

Sept.  1 6.  The  mercury  was  3 quarters  of  an  inch  above  its  ufual  height. 
Sept.  17.  The  height  of  the  mercury  was  1 and  a half. 

18.  The  height  of  it  was  3.  Sept. 
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Sept.  22  1 


The  height  of  it  was 


243 


he  height  of  it  was 


Permitting  the  air  to  break  out,  many  bubbles  emerged  from  the  raifins. 

This  experiment  further  teaches,  that  air  is  fometimes  much  more  eafily 
produced  in  vacuo , than  in  common  air. 

( 140.J  February  17.  1 677.  I put  three  onions  into  an  exhaufted  receiver.  Onions  in  va- 
Feb.  19.  The  height  of  the  mercury  was  one  inch.  cuo* 

2 1 . The  afcent  thereof  was  again  1 . The  onions  were  not  alter’d. 

25.  The  whole  afcent  of  the  mercury  was  9.  The  onions  not  alter’d, 

May  4.  The  onions  had  yet  fuffered  no  alteration. 

18.  Neither  were  they  yet  alter’d. 

June  19.  I found  the  receiver  forced  from  its  cover,  and  the  onions 
rotten. 

Feb.  17.  I inclofed  three  onions  in  air,  fo  rarified,  that  it  could  fuftain  Onions  in  ra- 
only  ten  inches  of  mercury.  rifted  ait. 

Feb . 19.  There  was  no  afcent  of  the  mercury. 

There  was  yet  no  afcent  thereof.  The  onions  did  not  fprout, 
but  contracted  a mouldinefs. 

The  afcent  of  the  mercury  was  about  7 inches.  ® 

The  onions  received  no  further  alteration. 

The  onions  were  not  alter’d. 

The  onions  were  not  yet  alter’d  ; but  the  receiver,  by  the  force 
of  the  produced  air,  was  removed  from  its  cover. 

Feb . 17.  I put  three  onions  in  a receiver  not  exaCtly  fhut.  And  onions  in 

21.  They  contracted  no  mouldinefs,  butfprouted.  common  air. 

25.  They  gradually  took  root. 

May  4.  The  onions  began  to  be  mouldy. 

This  experiment  makes  it  probable,  that  fome  bodies  produce  their  air 
not  much  more  eafily  in  vacuo , than  in  rarified  air. 

It  hence  alfo  appears,  that  vegetation  is  hinder’d,  not  only  by  the  eva- 
cuation, but  alfo  by  the  rarifaCtion  of  the  air. 

It  likewife  deferves  our  obfervation,  that  the  onions,  as  long  as  their 
roots  lprouted,  contracted  no  mouldinefs. 

(141.)  Auguft  23.  1 677.  I put  bruifed  pears  into  an  exhaufted  receiver,  The  difference 

betwixt  whole , 
and  bruifed 


21 


25, 


May  4. 

18. 


with  a mercurial  gage. 


Auguft  25 
Aug.  2 61 


The  height  of  the  mercury  was  five  inches. 


27  ^ The  height  of  it  was^ 


C 10 


14 

18 


Aug.  29  1 ^21 

3oCThe  height  was  ^25 
3 1 J 


fruits , Jhewn 
in  bruifed  pears 
in  vacuo. 


28 


28 

Sept.  1.  The  height  of  it  was  30. 

2.  The  receiver  was  forced  from  the  cover. 

Auguft  23.  I put  whole  pears  into  an  exhaufted  receiver  ; the  quantity  And  whole 
of  the  pears,  and  the  capacity  of  the  receiver,  being  the  fame  with  thofe  Pean 
juft  mentioned. 

Aug.  25.  The  height  of  the  mercury  was  1 1. 

Aug. 


in  vacuo. 
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Aug.  26^  The  height  J 1 7 


27  c of  it  was  1 25 


28 

30 


M whole  apples 
in  vac^o. 


Aug.  28?  The  height 
293  of  it  was 

Aug.  30.  The  mercury  afeended  no  higher  j the  receiver  being  forced 
from  the  cover. 

This  experiment  feems  to  prove,  that  bruifed  fruits  do  not  produce  air 
fo  foon  as  entire  ones. 

Auguft  24.  I enclofed  whole  apples  in  vacuo , with  a mercurial 


(142.) 


gage. 


Aug. . 25.  The  height  of  the  mercury  was  five  inches. 


Aug.  2 6 3 ^9 

27^  The  height  of  it  was  < 12 

C 15 


yfyg.  29 

3o^The  height  was 

3^ 


bruifed 
apples  in  va- 
cuo. 


28  J 

September  1.  The  height  of  it  was  29. 

2.  The  height  of  it  was  30. 

3.  The  receiver  was  forced  from  the  cover. 

Auguft  24.  I put  an  equal  quantity  of  bruifed  apples  iuto  an  evacuated 
receiver,  of  the  fame  capacity  with  the  former. 

Aug.  25.  The  height  of  the  mercury  was  one  inch. 


26. 


The  height  of  it  was  three. 


In  bruifed 
grapes  in  va- 
cuo. 


And  whole 

grapes  in  va-  ceiver. 
cuo*  Aug.  2 6. 

If. 


® 27.  The  height  of  it  was  four. 

Sept.  3.  The  mercury  continued  at  the  fame  height. 

25.  The  mercury  afeended  not. 

This  experiment  feems  to  inform  us,  that  bruifed  fruits  produce  air, 
flower  than  whole  ones. 

(143.J  Auguft  25.  1 677.  I put  unripe  grapes,  bruifed,  into  an  evacuated 
receiver. 

Aug.  26.  The  height  of  the  mercury  was  one  inch. 

27.  The  height  of  it  was  two  inches. 

28.  The  height  of  it  was  two  and  a half. 

29.  The  height  of  the  mercury  was  the  fame. 

Sept.  15.  The  mercury  did  notafeend,  but  its  height  remain’d  at  2 4. 
Aug.  25.  1 677.  I put  whole  unripe  grapes  into  an  evacuated  re- 


The  height  of  the  mercury  was  three  inches. 
The  height  of  the  mercury  was  five. 


Sept. 


7 

10 


Aug.  30  V The  height 


3i 


was 


{: 


Aug.  28  7 The  height^ 

29 ) was 

1.  The  height  of  the  mercury  was  15. 

2.  The  height  of  it  was  16. 

3.  The  height  of  it  was  18. 

4.  The  height  of  it  was  the  fame. 

Sept.  5.  The  height  of  the  mercury  continued  the  fame  j but  almoft  all 
the  grapes  had  contracted  a yellow  colour. 

Sept.  y.  The  mercury  refted  at  the  fame  height  i and  all  the  grapes 
were  yellow. 

Sept.  15.  The  height  of  the  mercury  was  20. 


This 
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This  experiment  Ihews,  that  whole  fruits  produce  air  more  readily  than 
bruis’d.  . 

(144.)  Sept.  10.  1 677.  I put  two  ounces  of  grapes,  not  bruis’d,  into  a ^ whole 
receiver  able  to  hold  ten  ounces  of  water.  grapes. 

Sept.  11.  The  height  of  the  mercury  was  fix  inches: 


Sept.  12  J V 9 

The  height  was^  12 
15 


14) 


Sept.  15 


1 6 > The  height  was 


20 

25 

17 3 C 28 

Sept.  18.  The  height  of  the  mercury  was  thirty.  The  grapes  were  not 
at  all  alter’d. 

Sept.  19.  The  height  of  the  mercury  was  the  fame. 

Sept.  20.  The  receiver  was  not  yet  forced  from  the  cover.  The  grapes 
were  not  alter’d,  but  appear’d  only  a little  riper. 

Sept.  21.  The  receiver  was  forced  from  the  cover,  though  nothing  had 
efcap’d. 

Sept.  22.  In  the  morning  the  grapes  began  to  rot  ; I therefore  included 
them  again  in  vacuo. 

Sept.  23.  The  height  of  the  mercury  was  five  inches. 

Sept.iyl  C20 

29  > The  height  was<  27 
3°3  (28 

Oulob.  10.  The  receiver  was  not  forced  from  the  cover,  till  to-day : the 
grapes,  by  their  colour,  feem’d  rotten,  yet  kept  their  firmnefs. 

Sept.  10.  1677.  I included  two  ounces  of  ripe,  bruis’d  grapes  in  a re-  And.  bruis’d 
ceiver  capable  of  holding  ten  ounces  of  water. 


The  height  was- 


grapes. 


Sept.  1 1 


12  I The  height  of  the 


Sept.  15 


I7( 

i8> 


The  height 
of  it  was 


4 

7 

13  f mercury  was  ) 10 

1 4 j C 1 2 

Sept.  19.  The  grapes  had  fever’d  the  receiver  from  the  cover,  and  much 
juice  was  fpilt. 

Sept.  20.  I again  put  the  fame  grapes  into  the  fame  receiver;  but,  be- 
caufe  they  had  fpilt  their  juice  by  ebullition,  I did  not  exhauft  all  the  air  : 
the  mercury  refled  at  the  height  of  five  inches. 

Sept.  11.  In  the  morning,  the  receiver,  being  now  full  of  air,  no  longer 
adher’d  to  the  cover ; fo  that  I took  out  the  grapes,  and  tranfmitted  them 
into  another  receiver,  which  I flopt  clofe  with  a fcrew,  but  extradled  no 
air  from  it. 

Sept.  22.  The  height  of  the  mercury  was  eleven  inches;  tho’  the  recei- 
ver was  able  to  hold  twenty-fix  ounces  of  water. 

Sept.  23.  The  height  of  the  mercury  was  19. 

24.  The  height  of  it  was  the  fame. 

30.  The  height  of  it  was  20. 

OSlob.  3.  When  the  grapes  produced  no  more  air,  I took  them  out*  and: 
found  them  of  a bitter  tafte  ; being  not  yet  perfeftly  ripe. 


This 
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PsEUMAT  ics  This  experiment,  compared  with  chat  before  related,  of  unripe  *rape< 
feems  to  intimate,  that  unripe  grapes  produce  lefs  lefs  air  when  they  are 
bruis’d,  than  when  whole  ; but  that  ripe  grapes  do  the  contrary. 
and  bruis'd  , ^ov.ig.  1 678.  1 put  apples  into  three  evacuated  receivers.  In 

apples,  in  va-  fhe  was  a found  aPPIe  > in  the  fecond  an  apple  bruis’d,  and  laid  loofc 

cuo.  in  the  open  veflfel  ; in  the  third  was  alfo  a bruis’d  apple  : and  the  cover 

of  this  fo  fitted  the  included  Veffel,  that  it  ftraitly  comprefs’d  the  parts  of 
the  apple  ; but  inexhaufting  the  receiver,  the  air,  form’d  between  the  parts 
of  the  apple,  expell’d  all  the  juice. 

Nov.  21.  In  the  firft  receiver,  the  height  of  the  mercury  was  5 inches  ; 
in  the  fecond,  three  ; in  the  third,  none. 

Nov.  23.  In  the  firft  receiver,  the  height  of  the  mercury  was  feven  ; in 
the  two  others  there  was  no  change. 

Decemb.  7.  In  the  firft  receiver,  the  height  of  the  mercury  was  eleven. 
There  was  no  alteration  in  the  other  two. 

Jan.  23.  The  firft  receiver  was  now  fever’d  from  its  cover,  by  the  force 

of  the  air  produced  a-new.  In  the  two  others  there  was  no  air  gene- 

rated. 

■May  20.  1679.  The  third  receiver  was  forced  from  its  cover  ; but  the 
fecond  had  produced  no  air. 

This  experiment  informs  us,  that  bruis’d  fruits  produce  lefs  air  in  va- 
cuo,  than  found  ones  ; contrary  to  what  happens  in  common  air.  The 
reafon  whereof  may,  perhaps,  be  this,  that  fruits  bruis’d  are  very  much 
rarify’d  in  vacuo  •,  whence  the  feveral  principles,  of  which  they  confift, 
cannot  a<ft  upon  one  another  : but  unbruis’d  fruits,  by  reafon  of  the  en- 
tirenefs  of  their  ambient  fl< in,  fuffer  lefs  rarifa&ion. 
at  air  is  (146.)  12.  1678.  I putrofesinto  2 receivers,  to  be  ftopt  with  fcrews. 

fometimes  an-  One  of  them  contain’d  common  air  uncomprefs’d;  but  I intruded  fomuch  air 
muldinefs “ *nto  ^ odier>  as  fuftain’d  the  mercury  60  inches  above  its  wonted  height. 
jbewn  by  rife*  dug.  2.  The  rofes  in  the  common  air,  were  four  days  ago  turn’d  yellow, 
in  common  and  as  if  they  had  been  wither’d  •,  but  thofe  in  the  comprefs’d  air,  kept  their 
cmprefs'd air.  colour  very  well. 

Feb..  10.  1679.  Thofe  in  the  comp  re  ffe  ' air,  retain’d  their  frefii  colour. 

This  experiment,  compar’d  with  that  madelaft  year  with  rofes,  informs 
us,  that  the  air,  at  different  times,  is  differently  affedled  fo  that  fome- 
times it  hath  a power  to  hinder  corruption,  and  fometimes  to  promote  it. 
And  by  tulips  May'll.  Fifteen  days  ago,  I included  two  equal  quantities  of 

and lark-fpurs.  flowers,  in  two  receivers  : into  one  of  them,  I thruft  fo  much  air  as  luftain- 
ed  the  mercury  fixty  inches  above  its  wonted  height ; but  in  the  other,  I 
left  common  air  uncomprefs’d.  The  flowers  were  tulips  and  lark-fpurs. 

Since  that  time,  no  mouldinefs  appeared,  except,  only,  that  ten  days 
ago,  one. haft  of  the  tulip,  in  the  common  air,  being  cut  afunder,  feem- 
ed  fomewhat  mouldy  *,  and  now  the  other  half  of  the  fame  tulip  in  com- 
prefs’d air,  leem’d  alfo  a little  mouldy. 

Some  of  the  flowers  feemed  as  frefii  as  when  firft  put  in  *,  efpecially 
>£hofe.in  the  common  air ; but  in  the  comprefs’d  air,  they  feem’d  rnoifter. 

June 
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June  22.  No  more  mouldinefs  appear’d  *,  whence  we  have  it  confirm’d, 
that  the  air  is,  fometimes,  unfit  to  produce  mouldinefs  ; fince  laft  year,  all  <[be  ^ngeof 
this  kind  of  flowers,  contracted  a great  mouldinefs.  weight  made 

(148.)  Sept.  4.  1678.  I expofed  one  dram  of  minium,  in  an  open  glafs,  h thefun's 
to  the  fun- beams,  concentrated  by  a burning-glafs  *,  and  found  that  it  loft  hermetically1 
i grain  of  its  weight,  though  much  of  the  minium  had  not  been  touch’d  fealed,  Jhewn 
by  the  rays.  h cxpofing 

(149 ,)Sept.  6.  I took  calcined  coral,  and  endeavour’d  to  calcine  it  fur-^:^^^" 
ther,  by  the  rays  of  the  fun,  in  a fealed  glafs  ; and  the  whitenefs  of  the g/afs*"  °^en 
calx  was  fomewhat  increafed  hereby.  'Calcin'd  coral 

Sept . 10.  I expofed  the  fame  coral  again  to  the  fun-beams,  in  the  fame  ltl  ^ fealed  one. 
glafs  hermetically  fealed,  for  two  whole  hours ; and  then  weighing  the 
glafs,  found  it  had  loft  about  t-J-  part  of  a grain,  fince  it  was  firft  fealed. 

(150.)  May  23.  I put  calx  of  tin  in  a light  glafs  vial,  hermetically  feal-  dnd  the  calx 
ed,  and  weigh’d  it  exactly  •,  afterwards  I expofed  it  to  the  beams  of  the  fun  andfulphur^ 
for  a long  time,  by  the  help  of  a large  lens  ; then  the  glafs,  being  again 
weigh’d,  feemed  to  have  loft  £4  part  of  a grain  of  its  weight. 

May  29.  I repeated  the  experiment  with  minium,  inftead  of  calx  of  tin, 
and  the  lofs  of  weight  came  to^i  part  of  a grain. 

May  30.  I endeavour’d  to  calcine  the  fame  minium  again,  but  fuch 
plenty  of  air  was  produced,  that  the  glafs  broke,  with  a great  noife,  into 
an  hundred  pieces. 

June  6.  I made  the  fame  experiment  again  with  minium  ; and  then  ri 
part  of  a grain  was  wanting  of  the  weight. 

Attempting  again  to  burn  minium,  the  glafs  alfo  broke. 

July  15.  I ufed  wood-coals  for  the  fame  experiment,  but  the  fun  did 
not  at  all  affeCt  them. 

July  20.  I expofed  Sulphur  vivum , to  the  beams  of  the  fun,  in  the  fame 
manner  *,  and  tho’  it  was  eafily  melted,  and  emitted  many  fumes,  yet  I 
found  no  change  at  all  in  the  weight. 

Aug.  1.  I kept  the  fame  vial  ftill,  with  the  flower  of  fulphur  •,  and  often 
expofed  it  to  the  fire  of  the  burning-glafs,  without  danger  of  being  bro- 
ken ; becaufe  fulphur  produces  no  air  *,  the  fumes  rofe,  and  at  firft,  the 
fulphur  bubbled  : but  the  weight  remain’d  the  fame. 

(15 1.)  Nov.  6.  A piece  of  roafted  rabbet,  being  exadtly  clofed  up,  in  an  Bodies  prefer- 
exhaufted  receiver,  was  two  months,  and  fome  few  days  after,  taken  out  ved  chiefly  m 
without  appearing  to  be  corrupted,  or  fenfibly  alter’d,  in  colour,  tafte,  ov  J^flfomTroa- 
fmell.  fed  rabbet. 

(1 52.)  March  11.  A fmall  glafs  receiver,  being  half  fill’d  with  pieces  Bread. 
of  white  bread,  was  exhaufted,  and  fee u red. 

April  1.  The  receiver  being  open’d,  part  of  the  bread  was  taken  out, 
and  appear’d  not  to  have  been  impair’d  in  that  time  •,  only  the  out- 
fide,  of  fome  pieces  of  crumb,  feem’d  to  be  a very  little  lefs  foft  and 
white,  than  before.  There  appear’d  no  drops,  or  the  leaft  dew,  on 

The  remaining  bread  was,  again,  fecured  foon 


the  infide  of  the  glafs. 
after. 
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April  1 8.  The  bread  was  taken  out  again,  and  tailed  much  as  it  did 
the  laft  time  ; the  cruft  being  alfo  loft,  and  no  drops  of  water  appearing 
on  the  in  fide  of  the  glafs. 

(153 .)  March  9.  I open’d  a fmall  exhaufted,  and  fecured  receiver, 
wherein  about  three  months  ago,  we  had  included  fome  milk,  which  was 
well-colour’d,  and  turn’d  partly,  into  a kind  of  whey,  and  partly  into 
a kind  of  foft  curd.  The  tafte  was  not  often  five,  only  a little  fourifh,  like 
whey,  nor  the  fcent  fetid,  but  fomewhat  like  that  of  fourifh  milk. 

(154.)  March  5.  Violet-leaves,  put  up,  freed  and  fecured  from  air,  be- 
ing open’d,  April  7.  appear’d  not  to  have  chang’d  their  fhape,  colour, 
or  confiftence,  but  their  odour  could  not  be  well  judg’d  of ; becaufe  he 
who  included  them,  had  crufh’d  many  of  them  together,  in  thrufting 
them  down  ; fince  by  fuch  a violation  of  their  texture,  ’tis  natural  for 
violets  to  lofe  their  fragrancy,  and  acquire  an  earthy  fmell. 

(155.)  Having  carefully  placed  fome  violets  in  an  exhaufted  receiver,  of 
a convenient  fize  and  bignefs,  and  fecur’d  it  from  immediate  commerce 
with  the  external  air  * after  feven  months,  we  looked  upon  them  again* 
and  found  they  were  not  putrefied,  or  refolved  into  any  mucilaginous fub- 
ftance,  but  kept  their  fhape  entire  ; fome  of  them  retaining  their  colour, 
but  more  of  them  having  fo  loft  it,  as  to  look  like  white  violets. 

(156.)  Nov.  5.  We  convey’d  into  a conveniently  fhaped  receiver,  fome 
ounces  of  fheep’s  blood,  taken  from  the  animal,  kill’d  that  afternoon. 
After  the  exhauftion  of  the  air,  during  which,  numerous  bubbles  were  ge- 
nerated, that  made  the  liquor  fwell  confiderably  ; the  included  blood  was 
kept  in  a warm  place  for  twenty  days ; and  during  one  or  two  of  the  firft, 
the  blood  feemed  to  continue  fluid,  and  of  a florid  colour  * but  afterwards 
degenerated  into  one,  that  tended  more  to  blacknefs. 

Nov.  25.  We  let  in  the  external  air  ; and  the  glafs,  containing  the  blood, 
being  held  in  a light  place,  the  greateft  part  of  the  bottom  of  it  feem’d 
to  be  thinly  overlaid  with  a coagulated  fubftance,  of  a higher  colour  than 
what  fwam  above  it  * which  though  it  appeared  dark,  and  almoft  blackifh 
in  the  glafs,  whilft  view’d  in  the  bulk,  yet,  if  it  was  fhook,  thofe  parts 
of  it  that  fell  down  along  the  infideof  the  glafs,  appear’d  of  a deep  fair 
colour.  But,  whilft  the  blood  continu’d  in  the  glafs,  it  was  fuppos’d  not 
to  ftink  ; fince  even  when  it  was  pour’d  out,  tho’  its  fcent  feem’d,  to  me 
fomewhat  offenfive,  yet  to  others,  it  feem’d  to  fmell  like  the  blood  of  a 
dog,  newly  kill’d. 

( 1 57.  J March  1 7.  Some  cream  being  put  up, and  fecur’d  in  an  exhaufted 
receiver,  appear’d  a year  after,  to  be  more  thick,  and  almoft  like  butter, 
at  the  top,  than  in  other  parts  *,  and  afterwards,  by  being  well  fhaken 
together  in  the  glafs,  it  was  eaflly  enough  reduced  to  butter,  whofe  but- 
ter-milk, by  the  judgment  of  thofe  who  were  more  ufed  thereto  than  I,  ap- 
pear’d not  different  from  ordinary  butter-milk  * and,  I found  it  had,  like 
that,  a grateful  fournefs.  The  butter  was  judg’d  to  be  a little  fourer 
than  ordinary,  but  was  not,  as  they  fpeak,  made. 
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(158.)  Feb.  18. We  look’d  upon  three  vials, that  had  been  exhauded,  and 
fecured  Sept.  15.  laft  *,  the  one  of  thefe  had  in  it  fome  dices  of  roaded  beef, 
the  other  fome  diivers  of  white  bread,  and  the  lad  fome  thin  pieces  ot 
cheefe  ; all  which,  feem’d  to  be  free  from  putrefaction,  and  look’d, 
much,  as  when  they  were  fird  put  in  ; we  therefore,  let  not  the  air  into 
the  receiver,  but  left  them,  as  they  were,  to  prolong  the  experiment. 

(159.)  Feb.  18.  There  was  a fourth  vial,  wherein,  about  fix  months  be-  Flowers. 
fore,  had  been  inclos’d,  and  fecured  fome  july- dowers,  and  a rofe  ; yet, 
thefe  being  kept  in  the  fame  place  with  the  red,  tho’  they  feem’d  a little 
moid,  retain’d  their  fhape  and  colour,  efpecially  the  rofe,  which  look’d, 
as  if  it  had  been  lately  gather’d.  We  obferv’d,  in  none  of  .thefe  four  re- 
ceivers any  great  drops,  or  fo  much  as  dew  in  the  parts  fuuated  above  the 
included  matter. 

( 1 60. ) June  4.  We  left  lorne  drawberries  in  an  exhauded  receiver,  and  straw -berries. 
coming  to  look  upon  them  after  the  beginning  of  November , we  found 
them  to  be  difcolour’d,  but  not  alter’d  in  fhape,  nor  mouldy  ; we  there- 
fore, left  them  dill  in  the  receiver  for  further  trial. 

(161.)  May  2.  1669.  A piece  of  road  beef,  fecur’d  September  15.  lad,  cheefe,  &c. 
appear’d  to  be  not  at  all  alter’d  ; no  more  did  a piece  of  cheefe,  fecured  in 
another  receiver,  and  fome  pieces  of  a French  roll,  fecured  on  the  fame 
day,  in  a third. 

Flowers,  feal’d  up  12.  1668,  being  this  day  look’d  upon,  ap- 

pear’d frefh. 

(162.)  Juneiy.A  pintof  fmallbeer,  being  put  into  a conveniently  5 ^all-beer. 
fhaped  glafs,  afterwards  exhauded,  and  fecured  from  the  air ; the  mod 
part  of  Auguji  proving  extraordinarily  hot ; towards  the  latter  end,  there 
was,  at  feveral  times,  great  thunder,  which  turn’d  the  beer  in  our  cellar, 
and  in  mod  of  thofe  of  the  neighbourhood,  four.  Sept.  1.  The  beer  was 
open’d  but  did  not  feem  to  be  four. 

( 1 63 .)  To  try,  whether  the  thunder  would  have  fuch  an  effect  upon  ale,  Ale. 
exactly  dopt  in  glafs  veffels,as  it  often  has  on  it  in  ordinary  cafks  ; I caus’d 
fome  ale, moderately  drong,to  be  put  into  a conveniently  fhaped  receiver, 
and  having  exhauded  the  air,  and  fecur’d  the  glafs  vefiel,  ’twas  put  into  a 
quiet,  but  not  a cool  place.  About  fix  weeks  after  the  liquor  had  been  in* 
clos’d,  there  happen’d  fome  very  loud  thunder  , and  our  beer  upon  this, 
tho*  the  cafk  was  kept  in  a good  cellar,  being  generally  noted  to  have  been 
turn’d  four,  I day’d  yet  a day  or  two  longer,  that  the  operation  upon  our 
included  liquor  might  be  the  more  certain  and  manifed  \ and  then  taking 
out  the  ale,  found  it  good,  and  not  at  all  four’d. 

(164.)  Some  black- berries,  included  in  an  exhauded  receiver,  Sept.  21.  Black-berries . 
1670.  were  open’d  June  20.  1673.  and  found  free  from  all  mouldinefs,  and 
ill  fcent;  only  there  was  fome  four  liquor,  which  being  taken  out,  the 
berries  were  fecured  again.  At  the  fame  time,  another  parcel  of  the 
fame  berries  was  exaCtly  clos’d  up  in  a receiver,  whence  the  air  was  not 
pump’d  ; but  coming,  Offob.  11.  1673.  to  look  upon  the  glafs,  we  found 
it  crack’d,  and  the  fruit  all  cover’d  with  a thick  mould.  Nor  was  this  the 
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PN*™cS°nly  vefTel,  wherein  trials  made  to  preferve  fruits  without  any  exhauflion 
of  the  air,  mifcarried. 

Ottob.  1 1.  1 674.The  former  berries/#  vacuo  * being  look’d  upon,  appear’d 
much  lefs  black  than  before  j but  did  not  feem  putrefy’d,  either  by  lofs  of 
jfhape,  or  by  any  flunking  fmeli ; nor  was  theleall  mouldinefs  obferv’d  up- 
on them,  tho’  they  had  been  kept  in  the  fame  receiver  for  above  four  years. 

Ale . (1 65.)  June  14.  We  put  a convenient  quantity  of  ale  into  a bolt- head, 

and  feal’d  it  up  hermetically  ; the  next  year,  July  5.  we  broke  off  thefeal, 
and  found  the  liquor  very  good,  and  without  any  fenfible  fournefs.  The 
next  day,  it  was  feal’d  upagain,  and  fet  by  for  thirteen  months,  when  the 
neck  of  the  glafs  being  broken,  the  ale  was  found  four.  We  fee  how- 
ever, that  a fmall  quantity  of  ale  was  preferv’d  good,  at  lead,  above  a 
year  ; which  is  much  longer  than  that  liquor  ulually  keeps. 

Claret.  (1 66.)  June  14.  1670.  Jn  a large  bolt-head,  we  hermetically  feal’d  upa- 

bove  a pint  of  French  claret,  which  when  we  came  to  look  upon  July  5. 1 67 1 . 
appear’d  very  clear  and  high  colour’d,  and  had  depofited  a large  fediment 
at  the  bottom  of  the  glafs,  but  faflen’d  no  tartar,  that  we  could  perceive 
to  the  fides.  Upon  breaking  the  feal’d  end  of  the  glafs,  we  thought  there 
was  an  eruption  of  included  air,  or  fleams  •,  and  high  above  the  furface  of 
the  wine,  there  appear’d  a certain  white  fmoke,  almoft  like  a mid,  and 
then  gradually  vanifh’d  : the  wine  continu’d  well  tailed,  and  was  a little 
rough  upon  the  tongue,  but  not  at  all  four. 

The  bolt-head  was  feal’d  up  again  July  6.  1671.  and  fet  by,  till  Augujl 
5.  1672.  at  which  time  it  was  open’d  again,  and  the  wine  flill  tailed  very 
well. 

June  26.  i6j2'  The  bolt  head,  with  the  lame  claret,  being  open’d,  was 
found  very  good,  and  feal’d  upagain.  Oftob.  1 1 . 1674.  the  fame  wine  was 
open’d  again,  and  appear’d  of  a good  colour •,  it  was  not  four,  but  feem’d 
fomewhat  lefs  fpirituous,  than  other  good  claret ; perhaps,  becaufeof  the 
cold  weather. 

Bodies  prefer - (167.)  Aug.  3.  1678.  I included  two  apricocks  in  two  receivers,  one  of 


ved  in  com- 
prefs'd  liquors. 


which  was  exa&ly  fill’d  with  bruis’d  raifins  of  the  fun,  and  with  water  *, 
'and  firft  apri-  but  in  the  other,  there  were  only  lodg’d  a few  raifins,  fo  that  theapricock 
cocks  withrai-  was  not  touch’d  by  them,  or  their  moidure. 

ftns  and  water.  Sept.  \o.  I took  out  the  apricock,  inclos’d  with  the  water  ; and  whilft 
the  air  broke  out,  the  fruit  bubbled  very  much  : the  raifins  had  loll,  almoft 
all  their  talle,  but  the  apricocks  preferv’d  a pleafant  relifii  ; and  feem’d 
more  pleafant  than  fuch  fruit  ufually  is  at  that  feafon  of  the  year. 

Feb.  10.  1678.  The  apricock,  inclos’d  without  water,  kept  its  colour 
and  figure,  only  feem’d  to  have  loft  its  firmnefs. 

This  experiment  informs  us,  that  the  talle  of  fome  fruits  may  be  pre- 
ferv’d in  an  infufion  of  raifins  of  the  fun  *,  at  lead  in  vefiels  able  to  refill  a 
great  comprefifure  of  the  air. 

Peaches  in  an  (16$.)  Sept.  1 7.  1678.  I included  peaches,  with  an  infufion  of  raifins, 
fsnsf0*1  r'1'  two  receivers,  fhut  with  a ferew. 
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Sept.  21.  Too  great  a quinticy  of  air  produced  in  one  of  the  receivers, 
expel  I’d  fo'me  part  of  the  liquor.  The  other  receiver  retain’d  its  liquor. 

Sept.  25.  The  receiver,  out  of  which  the  liquor  was  expell’d,  loft  fome 
more  of  it;  fo  that  a fifth,  orfixthpart,  now  feem’d  empty  : but,  fet- 
ting  the  fcrew,  the  liquor  was  then  preferv’d.  The  other  receiver  remain- 
ed unalter’d.  . , 1 r e 

Sept.  26.  The  fame  receiver  began  again  to  leak,  and  run  over:  1 fet 

the  fcrew  again.  . . „ . 

Nov.  27.  Our  receiver,  hitherto,  feem’d  to  be  exattly  lhut ; but  now 
1 open’d  it ; and,  whilft  the  air  was  getting  out,  the  peaches  bubbled  very 
much  : one  of  them,  which  was  of  that  fort  whereto  the  ftone  ufually  ad- 
heres,'preferv’d  itsfirmnefs,  and  a pleafant  tafte  ; but  the  other,  being 
of  the  yellow-colour’d  kind,  was  very  foft  ; yet  the  tafte  thereof  feem’d 
to  be  more  pleafant  than  of  the  other.  The  liquor  was  very  grateful. 

Decemb.  28.  The  other  receiver  feem’d  unalter’d  ; but,  when  I open’d 
it,  innumerable  bubbles  immerg’d  from  the  liquor,  and  from  the  peach. 

The  peach,  on  one  fide,  had  preferv’d  its  firmnefs  ; on  the  other,  it  had 
loft  it : but  the  whole  was  grateful  to  the  palate,  tho’  fomewhat  fharp. 

This  experiment  feems  to  teach,  thac  liquors  may  grow  four,  though  no 
fpirits  have  evaporated  from  them. 

(169.)  September  20.  I included  peaches,  with  unripe  grapes,  in  two  pMcheswith 
receivers,  and  fill’d  them  exaCtl y ; the  one  with  apples  bruited  to  the  con*  grapes,  apples. 
fiftence  of  a pultice  ; and  the  other,  with  an  infufion  of  raifins  of  the  fun.  end  an  infu- 

Sept.25.  The  receiver  fill’d  with  pulp  of  apples,  hitherto  feem’d  un-^“  °J  ra,Jtn’- 
alter’d;  but,  in  the  other,  the  air,  which  was  generated,  had  thruft  out 
half  of  the  contain’d  liquor,  and  impell’d  the  mercury  into  the  gage,  to 
the  height  of  100  inches;  wherefore,  I open’d  the  receiver,  and  the  peach, 
whilft  the  air  got  out,  was  almoft  reduced  to  the  confiftence  of  a pultice : 

the  tafte  of  it  was  pleafant.  _ 

I put  another  peach  into  the  fame  receiver,  and  fubftituted  a new  lnru- 
fion  of  raifins  of  the  fun,  inftead  of  that  which  was  loft. 

Sept . 26.  The  mercury  rofe  to  30  inches  above  its  ufual  height. 

The  height  of  the  mercury  was  72. 

The  height  of  it  was  90.  The  liquor  work’d  out. 

The  fame  height  remain’d  ; but  the  liquor  was  all  efcaped. 

AH  the  air  had,  alfo,  efcaped  ; wherefore,  opening  the 

receiver,  I found  the  peaches  very  foft,  but  of  a pleafant  tafte. 

Ottob.  3.  The  receiver,  filled  with  the  pulp  of  apples,  had  loft  no- 
thino-  ; but  now  I perceiv’d,  that  almoft  all  the  juice  of  the  apples  had 
run  out:  I open’d  the  receiver,  and  found  its  contents  very  much  fer- 
mented. The  peach  was  very  foft,  but  not  unpleafant  in  tafte.. 

This  experiment  informs  us,  that  fruits  cannot  be  long  kept  in  pulp  of 
apples,  becaufe  of  the  great  produ&ion  of  air ; tho’  that  happens  a little 
later  in  the  infufion  of  raifins. 

(170.)  Sept.  23.  1678.  I included  peaches,  with  crude  grapes, 
receivers;  one  of  which  was  exaftiy  fill’d  with  pulp  of  apples 
with  unripe  grapes,  bruifed. 


27. 

28. 
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Pneumatics  Oftob.  1.  The  receiver,  fill’d  with  pulp  of  apples,  feem’d  to  have  fuf- 
fer’d  no  alteration  *,  but  the  other  was  empty  of  liquor  : this,  therefore, 

I open’d,  and  found  one  of  the  peaches  to  have  retain’d  its  firmnefs  and 
tafte  •,  but  the  other  had  loft  its  firmnefs,  yet  retained  a grateful  tafte. 

Feb . 5.  1679.  The  receiver,  containing  the  pulp  of  apples,  feem’d  un- 
alter’d : I open’d  it,  and  the  great  ebullition  which  rofe  thereupon,  mani- 
fefted,  that  a great  compreftion  of  the  air  was  made.  The  pulp  of  apples, 
and  the  peach,  retain’d  a grateful  tafte,  but  fomewhat  more  pungent  than 
ordinary. 

This  experiment  fhews,  that  juice  of  crude  grapes  cannot,  convenient- 
ly, be  ufed  for  the  prefervation  of  fruits,  by  reafon  of  the  too  great  pro- 
•du&ion  of  air. 

pean  in_  (17 1.)  Sept.  25.  1678.  I included  two  pears,  called  butter-pears,  in  a 
eluded  with  receiver  exadtly  fill’d  with  pulp  of  apples. 

the  pulp  of  ap-  Sept.  28.  I perceiv’d  no  alteration  in  the  height  of  the  mercury. 

^es‘  Oftob.  5.  The  mercury  was  now  rifen  15  inches. 

6.  The  height  of  the  mercury  was  above  16. 

12.  The  mercury  was  not  changed. 

20.  Three  days  ago,  the  mercury  was  deprefied,  though  nothing 
had  efcaped. 

Oftob.  2 6.  This  day  the  receiver  was  crack’d  ; though  I did  not  find 
that  the  air  was  comprelfed  within  it  * but,  perhaps,  the  ferew  was  fet 
too  high.  The  pulp  of  the  apples  was  of  a very  grateful  tafte  j fo  were 
the  pears,  tho’  foft,  and  one  of  them  inclin’d  to  rottennefs. 

Perhaps,  the  crack  in  the  receiver,  was  the  caufe  of  fo  little  air  being 
produced  in  this  experiment. 

Peaches  in-  (172.)  Oftob.  i.  1 678.  1 inclofed  peaches  in  two  receivers  ; one  of  which 
tlofed  with  the  was  fill’d  with  pulp  of  apples,  and  the  other,  with  unripe  grapes,  bruifed. 
pulp  of  apples  t Oftob.  5.  Much  air  was  produced  in  the  fecond  receiver,  and  fome  of 

and  unripe  the  juice  ran  out.  The  height  of  the  mercury  was  64  inches. 

* " * Oft.  6.  Thejuice  continu’d  to  run  out : the  height  ol  the  mercury  was  70. 

Oftob.  8.  Now  thejuice  feemed  to  be  all  run  out  of  the  receiver  and 
the  height  of  the  mercury  was  86. 

Oftob . 12.  The  mercury  remain’d  at  86. 

18.  The  receiver,  emptied  of  its  juice,  held  the  air  very  well ; 
and  the  mercury  in  it  refted  at  86.  The  other  receiver,  fill’d  with  pulp  of 
apples,  had,  for  thefe  five  laft  days,  fuffer’d  fome  juice  to  flow  out. 

Decemb . 4.  I open’d  the  receiver,  fill’d  with  pulp  of  apples ; and  tho’ 
all  thejuice  was  gone,  yet  it  ftill  retain’d  the  air,  very  much  comprefled  *, 
and  many  bubbles  broke  out,  not  without  noife,  after  the  receiver  was  quite 
open’d.  The  peach  was  very  foft,  and  of  a pungent  tafte,  like  to  that 
of  ftrong  wine. 

Jan . 22.  1679.  After  the  effufion  of  thejuice  in  the  other  receiver,  the 
mercury  refted  at  the  fame  height.  I open’d  the  receiver  •,  the  peaches  e- 
mitted  many  bubbles,  and  were  wrinkled,  but  their  colour  was  little 
changed : their  tafte  was  moft  pungent,  and  inclining  to  acid. 

1 


This 
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This  experiment  confirms  the  conclufions  drawn  from  the  former.  Pneumatics 

(173.)  Oftob.  4.  1678.  I put  peaches  into  three  receivers  ; the  firft  of p^hfsTrufu- 
which  was  filled  with  ale  j the  fecond,  with  hopp'd  beer  j the  third,  with  ded  with  aiey 
wine.  beer,and  wine. 

Otlob.  5.  The  height  of  the  mercury  in  the  firft  receiver,  was  15  ; in 
the  fecond,  10  ; in  the  third,  9. 

Oftob.  6.  The  height  of  it,  in  the  firft  receiver,  was  25 ; in  the  fecond, 

15  *,  in  the  third,  20. 

Ottob.  8.  The  height  of  the  mercury,  in  the  firft  receiver,  was  35  ; in 
the  fecond,  15  ; in  the  third,  20. 

Qftob.  12.  The  height  in  the  firft  receiver,  was  63  ^ in  the  fecond,  1 5 ; 
in  the  third,  28. 

15.  The  height  of  the  mercury,  in  the  firft  receiver,  was  81  ; in 

in  the  fecond,  15  ; in  the  third,  30. 

16.  There  was  no  more  change  perceived  in  any  of  the  three  re- 

ceivers. 

18.  The  mercury  rather  defcended,  thanafcended,  in  all  the  three, 

22.  In  the  wine,  only,  the  mercury  afcended,  or  defcended,  ac- 
cording to  the  degrees  of  heat  and  cold. 

24.  The  height  of  the  mercury,  in  the  firft  receiver,  was  96*,  in 
the  fecond,  15  ; in  the  third,  30. 

30.  The  height,  in  the  firft  receiver,  was  115  j in  the  fecond, 

20  •,  in  the  third,  30. 

Nov.  3.  The  height,  in  the  firft  receiver,  was  1175.  in  the  fecond,  20 1 
in  the  third,  30. 

6.  The  height,  in  the  firft  receiver,  was  120  ; in  the  fecond,  31 5 
in  the  third,  31. 

11.  The  height  of  the  mercury,,  in  the  firft  receiver,  was  105^ 
in  the  fecond,  31  j in  the  third,  28,  The  weather  was  cold. 

Nov.  16.  The  height  of  the  mercury  was  the  fame.  The  peach,  which 
hitherto  lay  at  the  bottom,  now  mounted  to  the  upper  part  of  the  liquor, 
in  the  fecond  receiver  ; the  reft  ftaid  at  the  bottom. 

Nov.  25.  The  height,  in  the  firft  receiver,  was  140  inches } in  the  fe- 
cond, 47  *,  in  the  third,  32. 

Nov.  28.  The  height,  in  the  firft  receiver,  was  96  in  the  fecond,  36; 
in  the  third,  28.  It  was  very  cold  weather. 

Decemb.  13.  The  height,  in  the  firft  receiver,  was  96-,  in  the  fecond, 

47  *,  in  the  third,  33.  I open’d  the  third  receiver,  and  found  the  peach 
firm,  and  of  a laudable  colour  but  it  had  contracted  much  of  its  tafte 
from  the  wine,  and  might  yet  be  improved  by  fugar.  The  wine,  alfo,was 
grateful  to  the  palate. 

Decemb.  3 o.  The  height  of  the  mercury,  in  the  firft  receiver,  was  96 
inches ; in  the  fecond  47.  I open’d  the  firft  receiver  •,  when  the  peaches, 
which  had  lain,  till  then,  at  the  bottom  of  the  ^liquor,  prefen tly  emerged 
to  the  upper  part,  and  emitted  many  bubbles : the  tafte  of  the  ale,  of  which 
they  had  greatly  partook,  became  pleafant,  with  fugar.  Hence 


640  P hyjico-mechanical  Experiments. 

r— — Hence  fermented  liquors  may  be  ufeful  for  the  prefer vation  of  fruits,  as 
being  unfit  to  produce  air. 

(174.)  Sept.  5.  1678.  I included  one  whole  peach,  with  another  cut 
to  pieces,  in  a receiver;  into  which,  I afterwards  poured  old  wine,  till  it 
was  exactly  fill’d,  and  then  fhut  it  with  a fcrew. 

Ncv.  20.  Nothing,  hitherto,  feem’d  to  be  alter’d  ; but,  this  day,  I per- 
ceiv’d fome  of  the  wine  run  out. 

Nov.  30.  A third  part  of  the  wine  was  loft. 

Decemb.  8.  The  wine  beginning  again  to  run  out,  and  there  being  but 
little  of  it  left,  1 open’d  the  receiver,  and  found  the  peaches  very  much 
fermented,  yet  of  a grateful,  but  mod  pungent  tafle.  The  wine,  alfo, 
was  pleafant. 

From  this  experiment,  compared  with  the  third  receiver,  in  the  former, 
we  may  conjecture,  that  wine  hinders  the  fermentation  of  peaches,  if  ufed 
in  a fufficient  quantity  ; but  here  the  quantity  was  not  fufficient,  becaufe 
the  pieces  of  the  cut  peach  fill’d  the  whole  receiver,  fo  that  no  room  was 
left  for  the  wine,  but  in  the  interfaces. 

(175.)  Ofiob.  11.  1678.  I put  two  unripe  peaches,  one  whole,  the  other 
cut  to  pieces,  into  a receiver  filled  with  hopp’d  and  fermented  beer. 

Oclob.  12.  In  one  night’s  time,  the  mercury  afcended  three  inches. 

15.  The  height  of  the  mercury  was  15. 

16.  The  height  of  it  was  15. 

18.  The  height  of  it  was  12.  It  was  very  cold. 

20.  The  height  of  it  remained  at  12. 

22.  The  mercury  afcended  again.  The  cold  abated. 

Nov.  2.  The  height  of  the  mercury  was  20. 

3.  The  mercury  afcended  a little.  It  was  cold  weather. 

6.  The  height  of  the  mercury  was  28.  The  weather  grew  hotter. 

8.  The  height  of  it  was  33. 

1 1.  The  height  of  the  mercury  was  40. 

1 2.  The  height  remained  at  40.  Some  of  the  beer  worked  out. 

16.  The  height  of  it  was  46. 

19.  The  height  of  it  was  43.  But  much  of  the  beer  was  loft. 

21.  The  mercury  afcended  not,  but  the  beer  continued  to  work 

out. 

23.  When  the  beer  was  almoft  all  work’d  out,  I open’d  the  recei- 

ver, and  found  the  peaches  very  foft,  yet  of  a grateful 
tafte ; tho’  they  were  kept  for  nine  hours  in  the  free  air,  af- 
ter the  receiver  was  opened. 

From  this  experiment,  compared  with  the  fecond  receiver,  we  may  in- 
fer, that  beer  hinders  the  fermentation  of  peaches,  and  the  production  of 
air,  if  ufed  in  a fufficient  quantity  : but  here  there  was  only  a little  beer, 
contained  in  the  interftices,  which  was  unable  to  hinder  the  fermentation  of 
the  peaches. 

Razvheef  in-  ^ iy6.)  Odiob.  19.  1678.  I included  rawbeefin  three  receivers ; the  firft 

C (i  a !e  beer*  and  ^ which  was  exaCtly  filled  with  ftale  beer,  forcibly  intruded  ; fo  that  the 

J ’•  mer- 

common  air. 
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mercury  exceeded  its  wonted  height  by  fixty  inches.  The  fecond  was  alfo 
exaflly  fill’d  with  (tale  beer,  but  here  there  was  no  compreflure  made. 

The  third  was  fill'd,  partly  with  the  beef,  and  partly  with  common  air. 

Oflob.  20.  In  the  fir  ft  receiver,  the  mercury  was  deprefs'd  to  twenty 
inches  below  its  ufual  height ; tho'  nothing  at  all  had  efcaped  out.  In 
the  fecond,  alfo,  it  defcended  ; but  in  the  third,  it  afcended  a little. 

Oflob.  2 6.  In  the  firft  receiver,  the  mercury  fometimes  afcended,  and 
then  defcended  very  irregularly  ; in  the  fecond,  it  began  to  afcend  (low- 
ly, two  days  ago;  in  the  third,  it  was  not  mov’d  at  all. 

Oftob.  27.  A piece  of  the  fame  beef,  which  was  left  in  the  air,  began  to 
fmellill;  and  the  mercury  in  the  third  receiver,  began  to  afcend  ; in  the 
fecond,  it  continu’d  to  afcend  gradually  ; but  in  the  firft,  it  feemed  ra- 
ther to  defcend. 

Nov.  3.  The  mercury  in  the  firft  receiver  afcended  not ; in  the  fecond, 
the  height  of  it  was  twenty  inches  ; in  the  third,  ten. 

Nov.  5.  I open’d  all  the  receivers,  and  the  two  firft  had  no  offenfive 
fmell,  only  contracted  a fcent  from  the  beer.  The  flelh  boil'd  in  the  fame 
beer  was  very  tender,  but  its  tafte  was  bitter ; perhaps,  by  reafon  of  the 
too  great  quantity  of  beer.  The  beef  included  with  common  air,  prefently 
fmelt  fetid,  upon  being  open’d  ; yet,  when  taken  out,  and  applied  to  the 
nofe,  it  fcarce  feem’d  to  ftink.  I included  the  fame  flelh  in  the  fame  re- 
ceiver, to  try  whether  new  air  being  admitted,  would  promote  corruption. 

Nov.  6.  The  height  of  the  mercury  was  3 inches. 

1 1.  The  height  of  it  was  9. 

25.  The  height  of  it  was  20. 

I open’d  the  receiver,  and  found  the  flefh  fo  fetid,  that  I was  forced  to 
throw  it  away. 

From  hence  it  feems  to  follow,  that  beer  may  help  to  preferve  flelh, 
efpecially  if  it  be  forcibly  intruded  into  the  receiver ; but  this  compreflure 
is  foon  abated,  becaufe  the  air,  comprefied  in  the  fame  receiver,  is  apt  to 
enter  into,  and  gradually  pervade  the  pores  of  the  beer. 

(iyy.)  Nov.  12.  I included  beef,  prefs’d  together  as  clofe  as  I was  able,  Beef  included 
in  three  receivers : into  the  firft  of  them  I pour’d  water,  mix’d  with  one  with  falt-wa - 
fortieth  part  of  falt,which  fill'd  up  all  the  interftices,  left  betwixt  the  parts  ter*  atid CQtn' 
of  the  flelh  ; the  fecond,  in  like  manner,  contain'd  fome  fait- water  ; but mn  air% 
it  was  fo  forcibly  intruded,  that  the  mercury  in  the  gage  afcended  fifteen 
inches  above  its  wonted  height : into  the  third  receiver,  I pour'd  no  wa- 
ter, and  therefore  thofe  few  interftices,  which  could  not  be  poflefs’d  by 
the  flelh,  were  left  for  the  air. 

Nov.  13.  The  mercury  defcended  in  all  the  receivers,  efpecially  in  the 
fecond,  wherein  was  the  comprefs’d  liquor. 

Nov.  18.  The  two  receivers,  which  were  uncomprefled,  did  not  drive 
the  deprefs’d  mercury  upward  ; but  that,  whofe  mercury  had  been  im- 
pell'd  to  fifteen  inches,  and  afterwards  had  defcended  moft,  now  return’d 
almoft  to  its  former  height.  A piece  of  the  fame  beef,  being  left  in  the  air; 
began  to  fmell  ill. 

Y o l.  II.  N n n n Nov. 


N n n n 
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Pneumatics  Nov.  23.  In  all  three  receivers,  air  was  produced  a-new  *,  but  to-day 
the  mercury,  in  the  fecond,  defcended  three  inches,  and  the  height  of  it 
was  twenty  ; in  the  other  two,  ’twas  about  fixteen.  I open’d  the  firft  re- 
ceiver, and  the  flefh  was  not  at  all  corrupted. 

Nov.  30.  I took  that  flefh  out  of  the  receiver,  which  was  put  in  with- 
out fait,  and  it  did  not  ftink  at  all ; but,  being  boil’d,  was  very  tender, 
and  of  a pleafant  tafte. 

December  6.  I open’d  the  receiver,  into  which  I had  forcibly  introduced 
falt-water.  The  mercury  exceeded  it&  wonted  height  by  twenty-five  inches. 
The  flefli  fmelt  ftrong,  yet  did  not  fcink  : that  in  vacuo  yielded  many  bub- 
bles, which  ceas’d  not,  till  a pretty  while  after  the  receiver,  in  which  it 
was  included, was  taken  from  the  pneumatic  engine  ; then  the  mercury,  in 
one  hour’s  time,  came  to  the  height  of  three  or  four  inches.  I,  afterwards, 
immers’d  the  fame  receiver  fo  exhaufted,  in  hot  water  *,  and  the  liquor, 
contain’d  therein,  bubbled  very  much,  tho*  the  water,  from  which  it 
borrow’d  all  its  height,  did  not  boil ; but  fo  great  a quantity  of  air  was  pro- 
duced, or  had  enter’d  from  without,  that  the  receiver  was  quickly  full. 
The  liquor,  contain’d  therein,  did  not  afterwards  bubble  or  boil,  tho*  it 
were  immerg’d  in  boiling  water.  I took  out  the  flefh,  and  found  it  plea- 
fant and  tender,  yet  lels  fo,  than  I expeded  ; perhaps,  becaufe  it  was 
not  boil’d  enough. 

Hence,  water,  as  well  as  beer,  may  conduce  to  the  prefervation  of 
flefh. 

Oifters  with  ( iyS.)  Nov.  29.  1 678.  I inclos’d  oifters  in  four  receivers : in  the  firft, 

f and  without  °^ers  were  without  their  fhells,  and  exactly  fill’d  the  whole  fpace  ; in 

included  in  ' fecond,  the  oifters,  with  their  fhells,  were  included  with  common  air  ; 

falt-water , in  the  third,  the  oifters  alfo  were  included  in  their  fhells  ; the  remaining 

common  air,  fpace  of  the  receiver,  being  exadlly  fill’d  with  falt-water.  Thefe  three 
and  in  vacuo.  ve{pejs  were  firmly  clos’d  with  ferews.  The  fourth  receiver  was  exhaufted 
of  air,  and  contain’d  three  oifters  in  their  fhells,  and  eight  taken  out  of 
their  fhells.  When  the  air  was  pump’d  out  of  this  receiver,  the  oifters, 
freed  from  their  fhells,  emitted  many  large  bubbles;  but  the  three  others 
fuffered  no  fenfible  change,  only  one  of  them  gaped. 

Nov.  30.  In  the  three  receivers,  ftopt  with  ferews,  air  feem’d  to  be  con- 
fumed,  rather  than  produced  ; but  the  mercury  in  vacuo  afeended  a 
little. 

Decemb . 4.  Whilft  the  weather  was  cold,  the  mercury  afeended  not; 
now,  when  the  cold  began  to  abate,  the  height  of  it  in  the  firft  recei- 
ver was  feven  inches  ; in  the  fecond,  none  ; in  the  third,  three  ; and  in 
the  fourth,  three. 

Decemb.  5.  The  height  of  the  mercury  in  the  firft  receiver  was  twenty 
inches  ; in  the  fecond,  one  ; in  the  third,  three  ; in  the  fourth,  five. 

Decemb.  7.  The  height  of  the  mercury  in  the  firft  receiver  was  thirty 
inches  ; in  the  fecond,  one  *,  in  the  third,  three ; in  the  fourth,  eight. 
Other  oifters,  left  at  the  fame  time  in  the  air,  fmelt  ill. 

Decemb.  9.  In  the  firft  receiver,  the  height  was  thirty  ; in  the  fourth, 
eleven.  The  reft  were  not  chang’d.  Decemb . 
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Decemb . 13,  There  was  np  change  in  the  three  firft  receivers  \ but  in  the 
fourth,  the  height  was  fourteen  inches. 

Decemb.  20.  In  the  firft  receiver,  the  height  was  46  ; in  the  fourth,  24*, 
the  reft  were  not  chang’d. 

Decemb . 21.  In  the  firft  receiver,  the  height  was  52  ; in  the  fourth,  25  *, 
in  the  reft,  no  change. 

Decemb . 22.  The  height  of  the  mercury,  in  the  firft  receiver,  was  60  ; 
in  the  fourth,  27  ; no  change  in  the  reft. 

Decemb.  27.  In  the  fourth  receiver,  the  height  was  29  ; the  reft  were 
not  chang’d. 

Jan.  1.  1679.  The  oifters  in  the  third  receiver,  had  ting’d  the  water 
black. 

Jan.  25.  The  mercury  in  vacuo  feem’d  ft  ill  to  remain,  alrpoft,  at  the 
fame  height.  But  this  day,  fome  bubbles  were  form’d  in  the  turpentine, 
by  the  internal  air,  about  the  jundture  of  the  cover  with  the  receiver.  I, 
therefore,  open’d  the  receiver,  and  found  the  oifters  very  fetid.  I,  like- 
wife,  open’d  the  other  receivers,  and  found  the  oifters  of  an  ill  feent,  and 
turn’d  to  a kind  of  vifeid  gelly. 

This  experiment  feems  to  inform  us,  that  fifh  produce  Iefs  air  than  flefh  $ 
yet  will  be  corrupted,  tho’  defended  againft  the  air. 

(179.)  Nov.  29.  1678.  I exactly  fill’d  a glafs  vefiel,  with  frefti  and  un-  Butter  inclu - 
falted  butter  ; then  ftopt  it  with  a ferew.  A mercurial  gage  was  included  ded  <*  recei- 
in  the  fame  veffel.  ver% 

Nov.  30.  In  the  night,  the  cold  being  very  (harp,  the  butter  was  con- 
dens’d •,  for  the  mercury  approach’d  nearer  to  the  aperture  of  its  gage. 

Decemb.  2.  The  mercury  came  ft  ill  nearer  to  the  aperture  of  its  gage  » 
perhaps,  becaufe  the  cold  daily  increas’d. 

Decemb.  5.  The  cold  being  abated,  the  mercury  return’d  almoft  to  its 
former  height. 

Part  of  the  fame  butter,  being  left  in  the  air,  began  to  have  a very  bad 
fmell. 

Decemb.  7.  The  cold  returning,  the  mercury,  again,  came  to  the  top  of 
its  gage.  The  butter  left  in  the  air,  fmelt  worfe  than  before,  tho*  it  was 
Hill  edible. 

Decemb . 24.  The  butter  had  produced  no  air;  being  taken  out  of  the 
receiver,  it  was  of  a grateful  tafte,  except,  only,  a little  of  the.fuperficies? 
which  lay  contiguous  to  the  leather  fpread  over  the' cover. 

It  follows,  that  butter  may  be  kept  a great  while,  if  it  be  defended 
from  the  external  air. 

(T80.J  Nov.  30.  1678.  I fill’d  two  receivers  with  whitings ; and  that  Whitings  and 
no  air  might  be  left  in  the  vacant  fpaces,  into  the  one  I pour’d  wine  ; 
into  the  other,  oifters,  with  their  juice  ; fo  that  both  receivers  were  exadtly  jferSi  included 
fill’d.  When  I had  afterwards  clos’d  their  covers  with  ferews,  the  air,  in  in  receivers . 
the  mercurial  gages  was  comprefs’d  ; but  in  three  hours  fpace  the  mercury 
again  return’d  to  its  former  mark. 

Decemb.  2.  The  colcfincreafing,  the  mercury  came  nearer  totheaperture 
of  its  gage  in  both  receivers.  N n n n 2 Decemb . 
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pneumatics  Decemb.  4.  The  cold  ceafing,  the  mercury  afcended  very  much  in  that 
receiver  wherein  the  oifters  were *,  but  in  the  other,  it  moved  not. 

Decemb  5.  In  the  receiver,  containing  the  oifters,  the  height  of  the  mer- 
cury was  twenty  inches  ; but,  in  the  other,  it  was  not  yet  return’d  to  its 
ufual  height. 

Decemb . 7.  In  the  receiver  with  oifters,  the  height  of  the  mercury  was 
40  ; in  the  other,  it  continued  (till  below  its  ftandard. 

Decemb.  9.  The  mercury,  in  both  receivers,  was  changed  little  or  no- 
thing. 

Decemb.  20.  When  the  mercury  alter’d  no  more,  I open’d  the  receivers, 
and  both  of  them  were  very  fetid.  It  here  feem’d  new  to  me,  that  the  re- 
ceiver, in  which  the  wine  was,  had  admitted  of  corruption,  without  pro- 
ducing air  ; for,  hitherto,  all  bodies,  whilft  they  were  corrupting,  had 
produced  fome. 

Beef  with  (18 1 .)  Decemb.  3.  1678.  I put  raw  beef  into  two  large  receivers,  with. 

fpicty  included  pepper  and  cloves*,  and  that  no  air  might  be  left  in  the  interftices,  I pour- 
in  receivers.  cd  beer  upon  them  ; and,  in  no  long  time  after,  found  the  prefiure  of  the 
air  in  the  receivers  to  be  abated  ; the  mercury  in  the  gages,  coming  to  the 
open  ends. 

Decemb.  8.  The  mercury  afcended  not  in  either  of  the  receivers.  I 
open’d  the  one,  that  I might  boil  the  flefh  *,  which  had  contracted  a fweet 
fcent  from  the  cloves  *,  and  the  liquor,  contained  in  the  fame  receiver,  be- 
fore it  was  boil’d,  fmell’d  like  hippocras. 

Jan.  2.  1679.  I open’d  the  other  receiver,  and  found  no  air  produced 
therein  : the  flefh  was  not  at  all  corrupted  ; and,  when  I boil’d  it  in  vacuo , 
I obferv’d,  that  if  a more  intenfe  fire  were  made,  the  air,  or  fome  fpirits, 
broke  thro’  the  flop- cock,  which  was  faften’d  to  the  top  of  the  receiver. 
The  receiver  being  cool’d  all  the  night,  was,  the  day  after,  found  almoft 
quite  empty  of  air.  The  flefh  was  very  tender,  and  well- tailed,  only  it 
was  a little  over-boil’d  ; for  it  had  been  kept  on  the  fire  full  fix  hours. 

Hence  we  have  a confirmation,  that  beer  may  be  ufeful  to  preferve 
flefh,  efpecially  if  the  bitter  tafte  thereof  be  corrected  by  aromatics. 
larks,  with  (182.)  Decemb.  4.  1678.  I included  two  larks,  with  fome  beef,  in  a re- 
beef  and  ale,  ceiver,  and  fill’d  ail  the  fpaces,  unpoflfefs’d  by  the  flefh,  with  ale;  at  the 
included  m a fame  time,  I filled  another  receiver,  with  the  fame  fort  of  beef,  adding 
receiver.  beer  alfo,  but  no  larks. 

Decemb.  9.  Some  pieces  cut  off  from  the  larks,  and  expo  fed  to  the  air, 
began  to  ftnell  ill ; but  thofe  included  in  the  receiver,  had  produced  little 
air  ; for  the  mercury  was  not  yet  come  five  inches  above  its  wonted  height. 
In  the  other  receiver  it  was  not  moved. 

Decemb.  19.  In  the  receiver,  which  contained  the  larks,  the  mercury 
afcended  no  higher  ; for  the  cover  being  broken,  fuffer’d  the  liquor  to  run- 
out. . Wherefore,  I open’d  the  receiver,  and  boil’d  both  the  beef  and  the 
larks,  which  were  not  at  all  corrupted,  but  very  grateful  to  the  palate. 
The  beef  had  contracted  a pleafant  talle ; partly  from  the  larks,  and  part- 
ly from  the  beer. 
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December  23.  I opened  the  other  receiver,  and  the  flefh  being  boiled,  pN^VJlct 
feemed  pleafant ; yet  not  fo  pleafant  as  that  which  received  a venifon-like 
tafte  fro  n the  larks. 

Hence  birds  may  be  long  preferred  by  the  help  of  beer  or  ale. 

(183.)  December  14.  I included  apples  in  four  receivers  \ in  the  firft  was  Apples  inelu - 
a whole  apple,  and  all  the  interftices  were  filled  with  powdered  fugar  ; in  ded  in  recei* 
the  fecond  was  an  apple  cut  in  pieces,  and  the  fpaces  filled  with  fugar,  as  ven ‘ 
before ; in  the  third  was  alfo  an  apple  cut  *,  but  the  reft  of  the  receiver 
was  filled  with  water,  wherewith  a tenth  part  of  fugar  had  been  mixed  ; 
in  the  fourth  the  apple  was  alfo  cut,  and  the  fpaces  filled  with  a folution 
of  one  part  fugar,  and  five  of  water. 

December  21.  In  the  firft  receiver  the  mercury  began  to  afcend  a little, 
yet  the  fugar  did  not  diffolve *,  in  the  fecond  receiver  all  the  fugar  was 
melted,  and  rhe  pieces  of  apple  were  fhrivel’d  *,  they  produced  much  air 
when  firft  put  into  the  receiver.  In  the  two  other  receivers  the  mercury 
began  alfo  to  afcend  ; but  in  the  third  the  pieces  of  apple  were  very  much 
corrupted,,  their  £kin  being  taken  off. 

December  22.  Air  was  produced  in  all  the  receivers y but  the  quantities 
did  not  bear  the  fame  proportion  amongft  themfelves  as  the  quantities  of 
the  fugar  y for  in  the  fecund  receiver  much  air  was  produced  ; but  in  the 
fourth  the  mercury  afcended  lefs  than  in  the  third.  Some  air  was  alfo  ge- 
nerated in  the  firft. 

December  27.  In  the  three  firft  receivers  the  height  of  the  mercury 
was  ten  inches  y but  in  the  fourth  only  fix. 

. December  3 1 . In  the  firft  and  fecond  receiver  the  height  of  the  mercury 
was  13  ; in  the  third  155  in  the  fourth  only  9. 

January  2.  1679.  In  the  firft  and  fecond  receiver  the  height  of  the  mer- 
cury was  almoft  14  5 in  the  third  17  ; in  the  fourth  11. 

Jan . 7.  In  the  fecond  the  height  of  the  mercury  was  1 6 y in  the  third 
36  ; in  the  fourth  15  *,  but  in  the  firft  the  mercury  had  not  afcended,  and 
fomething  had  efcaped  out  of  the  receiver  ; I therefore  eafed  the  fcrew, 
that  I might  difpofe  it  the  better,  and  then  the  air  made  an  efcape. 

Jan.  9.  In  the  firft  receiver  the  height  was  fix  inches  y in  the  fecond 
1 64  in  the  third  39  y in  the  fourth  15. 

Jan . 1 7.  In  the  firft  receiver  the  height  was  13  ; in  the  fecond  19  y in 
the  third  56  *,  in  the  fourth  17. 

Jan.  30.  In  the  third  receiver  the  height  of  the  mercury  was  76  inches, 
and  the  liquor  got  out ; I therefore  opened  it,  and  found  the  fruit  to  have 
loft  much  of  its  tafte  j but  the  water  had  contra&ed  it,  and  was  pleafant 
to  the  palate.  In  the  fecond  receiver  the  mercury  afcended  no  more.  1 
opened  this  alfo,  and  found  the  fruit  much  more  pleafant  than  the  other  5 
yet  much  of  its  tafte  was  imparted  to  the  fugar,  which  was  turned  into  a 
very  good  fyrup. 

February  16.  The  height  of  the  mercury,  in  the  firft  receiver,  was  22 
inches  y but  in  the  fourth  33.  This  I opened,  and  found  the  fruit  to  have 
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loft;much  of  its  tafte;  and  that  the  ambient  water  had  got  it,  and  wai 
thereby  turned  into  a pleafant  drink. 

February  27.  In  the  firlt  receiver  the  height  of  the  mercury  was  30 

inches. 

March'  15.  In  the  firft  receiver  the  height  of  the  mercury  was  not  chan- 
ged ; but  now  fomething  efcaped  out  of  the  receiver  ; I opened  it,  and 
found  the.  apple  of  a laudable  colour;  but  the  pulp  was  fpongy,  and 
had'  loft  much  of  its  tafte. 

This  experiment  fee  ms  to  teach,  that  fugar  is  not  fo  fit  to  preferve 
fruits  as  fermented  liquors. 

(184.)  Decemb.  23.  1 filled  a glafs  vefiel  with  milk,  then  ftopt  it  with 
a fcrew  * and  into  another  receiver  I put  a lark  with  milk,  and  ftopt 
it  clofe.  ' . , 

December  24.  This  evening  I perceived  that  the  cafeous  part  was  fe- 
f>arated  from  die  butyrous  in  the  clofed  receivers,  as  well  as  in  the  milk, 
which  at  the  fame  time  I left  expofed  to  the  air. 

December  27.  I found  no  air  produced  in  the  receiver  which  held  the 
lark  ;f  but  in  the  other  the  mercurial  gage  was  fpoiled. 

December  3 if.  ^‘he  mercury  afeended  in  that  receiver  which  contained 
the  lark  ; but  tire  milk  left  in  the  air,  at  the  fame  time  that  I ftopt  the 
receivers,  flunk  three  days  ago. 

:ejfan.  1.  In  the  receiver  which  held  the  lark,  the  height  of  the  mercury 
was  ten  inches. 

Jan.  2.  The  height  of  the  mercury  was  14  The  milk  ftagnant  be- 
low the  butyrouspart,  appeared  of  a red  colour. 

xUjfan!  4.  The  'height  of  the  mercury  was  19.  Some  white  fediment  wa*s 
concreted  at  the  bottom  of  the  milk. 

Jan.  '29.  The  height  of  the  mercury  was  29  inches. 

Jan.  25.  I opened  boph  receivers  ; the  lark  fmelt  only  ftrong,  tho*  it 
had  be<,n  kept. 3 2 days  ; when  boiled,  it  was  of  a pleafant  tafte.  In  the 
tidier  receiver,  the.  cafeous  part  of  the  milk  was  fub-acid,  and  grateful ; 
buiJ  the  butyrous  .part  was  nor  Tour  at  all. 

This  experiment  informs  us,  that  fometimes  milk  may  be  fuccefsfully 
'll  fed  to~  preferve  flefh. 

(185.)  'December  24.  1678.  I put  a lark  into  a ftnall  receiver,  and 
’ poured  butter  upon  it,  melted  over  a flow  fire,  till  all  the  interftices  were 
' exactly  filled,*  then  I clpfed  the  cover  with  a fcrew. 

Decemb.  27,  The  mercury  approached  nearer  to  the  aperture  of  its 
gage.  The  butter  Teemed  to  be  altered  ; for  the  loweft  part  of  it  was  yel- 
lower, and  the  middle  whiter  than  before.  The  upper  part  was  fluid. 

Jan.  5.  1 679. .The  mercury  returned  by  degrees  to  its  wonted  height. 

Jan . 9.  The  mercury  was  Somewhat  higher. 

Jan . 28.  The  mercury  was  little  changed.  I opened  the  receiver,  and 
found  that  part  of  the  butter,  contiguous  to  the  leather,  fpread  over  the 
cover,  to  be  white,  and  of  a very  unpleafant  tafte.  The  butter,  more 
remote  from  the  leather,  was  yellow,  and  fomething  fetid,  tho*  edible.  But 
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the  lark  being  roafted,  was  grateful  to  the  palate,  tho’  it  had  been  kept  Pn^matic 
34  days.  This  experiment  feems  to  fhew,  that  hot  melted  butter  is  not 
very  fuccefsfully  ufed  to  preferve  flelh. 

(186.)  Jan.  4.  1679.  I included  boiled  fleih  in  an  exhaufted  receiver,  Soiled  fiejb  in 
ftopt  with  a fcrew ; and  filled  the  interftices  exactly  with  broth  of  the  vacuo, 
fame  flelh,  which  feemed  a little  too  fait.  Whilft  I fet  the  fcrew,  all  things 
in  the  receiver  were  comprefifed  ; and  the  mercury  afcended  to  the  heighc 
of  fix  inches  into  the  gage  ; but  it  fo'on  returned  to  its  wonted  height. 

Jan.  28.  The  air  was  gradually  more  confumed,  fo  that  the  mercury 
now  defcended  8 inches  below  its  ufual  (tandard.  i opened  the  receiver, 
and  found  the  flelh  very  fweet  and  tender.  The  broth  alfo  had  an  acidilh, 
but.  a very  grateful  tafte. 

This  experiment  fhews,  that  boiled  flelh  may  be  long  preferved  good  ; 
which  is  a great  convenience  at  fea,  where  perhaps  there  might  be  no  oc- 
cafion  for  fait  meat.  For  after  raw  flelh  hath  been  included  in  fcrew’d 
veffels,  as  long  as  experience  (hews  there  is  no  danger  of  its  corrupting, 
it  may  be  taken  out,  and  being  perfectly  boiled,  be  again  included  in  the 
fame  receivers  ; and  fo,  doubtlels,  it  may  be  kept  for  a great  while  with- 
out fait.  . 

(1S7.)  Jan.  30.  1679.  I put  raw  flelh  into  two  receivers  ; to  the  firft  Ram  flejh  in- 

I added  pepper  and  cloves ; in  the  fecond  I mixed  nothing.  anit’ittll 

February  n.  The  height  of  the  mercury  in  the  firft  receiver  was  three  jpice_ 
inches  ; in  the  fecond  below  i {. 

Feb.  12.  The  height  of  the  mercury  in  the  firft  receiver  was  4f  ; in 
the  fecond  nqt  above  i 

Feb . 13.  In  the  firft  receiver  the  height  of  the  mercury  was  above  fix 
inches  ; in  the  fecond,  three.  I boiled  the  flefh  of  the  firft  receiver,  and 
it  was  very  pleafant  and  tender* 

Feb . 14.  The  height  of  the  mercury,  in  the  fecond  receiver,  was  5. 

Feb . 19.  The  height  of  the  mercury,  in  the  fecond  receiver,  was  8. 

Feb.  20.  The  height  of  the  mercury,  in  the  fecond  receiver,  was  ir. 

I boiled  the  flefh,  and  found  it  very  tender,  tho’  it  remained  over  the  fire 
in  Balneo  Maria,  only  for  3 quarters  of  an  hour.  I put  fame  part  of  this 
flefh,  before  it  was  boiled,  into  a receiver,  and  filled  all  the  vacuities,  a* 
exadly  as  I could,  with  the  fame  flefh,  to  try  how  long  the  flefh  might  be- 
preferved  when  the  air  was  thus  excluded. 

Feb . 28.  The  mercury  afcended  very  little. 

March  20.  The  height  of  the  mercury  was  about  16  inches.  I opened 
the  receiver,  and  the  flefh  feemed  of  a pleafant  tafte,  yet  inclining  to 

C°7i^8t!)°%i.  10.  I put  raw  beef  into  three  receivers;  in  the  firft,  the  W *+ 

beef  was  feafon’d  with  pepper  and  cloves  ; in  the  fecond,  it  was  encom- *£* 
pafled  with  falt-water  ; in  the  third,  I put  neither  fait  nor  fpice.  . falt-wattr^nd 
* Feb . 19.  Four  days  ago  the  mercury  afcended  in  the  third  receiver  ; in  apart 
the  firft  alfo  it  began  to  afcend  ; but  in  the  fecond  not  at  all. 

Feb. 


648 

Pneumatics' 

unrv 


Boiling  anA 
dijlillation 
fraftifed  in 
vacuo  ; and 
JirJl , beef  boil- 
ed in  an  ex- 
baujied  recei- 
ver. 


Phyjico-mechanical  Experiments. 

Feb.  21.  In  the  firft  receiver,  the  height  of  the  mercury  was  four  inches 
and  a half  s in  the  third,  ten  ; but  in  the  fecond  there  was  no  afcent  at 
all. 

Feb.  25.  The  height  of  the  mercury  in  the  firft  receiver  was  6;  in 
the  third,  19 ; in  the  fecond,  half  an  inch. 

Feb.  26.  This  night  there  was  no  afcent  of  the  mercury  in  any  of  the  re- 
ceivers. I opened  the  third,  and  the  flefli,  after  boiling,  was  very  good. 

By  the  former  experiment,  fpices  feem  to  hinder  the  produ&ion  of 
air ; but  the  prefent  experiment  proves  the  contrary.  Whence  this  con- 
trariety fhould  proceed,  I know  not  •,  unlefs  perhaps,  becaufe  I had  left 
a fpace  large  enough  for  the  air  in  thefe  receivers  ; but  in  the  former  ex- 
periment, filled  all  as  exactly  as  I could  with  flefh. 

March  9.  The  height  of  the  mercury  in  the  firft  receiver  was  8 inches, 
in  the  fecond,  none. 

March  12.  The  height  of  the  mercury  in  the  firft  receiver  was  12  ; 
in  the  fecond,  one. 

April  3.  The  height  of  the  mercury  in  the  firft  receiver  was  11  ; 
but  in  the  fecond  it  exceeded  not  1.  I opened  the  receiver,  and  boiling 
the  flefh,  found  it  very  tender,  and  of  an  excellent  tafte. 

Hence  the  faltnefs  of  water,  included  with  flefh,  feems  to  hinder  the 
production  of  air  \ but  there  being  fo  fmall  a quantity  of  water,  compa- 
red with  the  quantity  of  flefh,  I rather  incline  to  think,  that  lefs  air  was 
produced  in  the  fecond  receiver,  becaufe  it  was  more  exadly  filled.  And 
indeed,  frefh  water  being  ufed  inftead  of  fait,  has  the  fame  effe6t ; but  the 
chief  art  to  preferve  flefli  without  fait,  confifts  in  excluding  all  air  from  it, 
and  making  a great  compreflfure  in  the  receiver. 

Thefe  experiments  about  the  prefervation  of  aliment,  may  be  very  ufe- 
ful  in  tranfporting  fruits,  venifon,  &c.  from  remote  places,  and  towards 
affording  better  nourifhment  to  mariners. 

(189J  Decemb.  12.  1678.  I put  two  ounces  and  fix  drams  of  beef  into 
an  exhaufted  receiver,  able  to  hold  22  ounces  of  water  *,  then  I left  it  in 
boiling  water  for  3 hours  j which  done,  I expofed  it  to  the  air,  to  cool 
for  a whole  night  •,  afterwards  ufing  my  pneumatic  engine,  I perceived 
that  the  air  formed  in  the  receiver,  could  fcarce  fuftain  3 inches  of  mercu- 
ry *,  whence  flefli  in  boiling,  cannot  form  air  enough  to  make  an  entire 
preffure  in  a receiver,  capable  of  holding  a double  weight  of  water  ; that 
is,  if  you  include  one  pound  of  flefli  in  an  exhaufted  receiver,  able  to 
hold  two  pounds  of  water,  it  will  not  generate  air  enough  to  remove  the 
cover  from  the  receiver,  unlefs  heat  greatly  confibute  to  produce  the  ef- 
fect *,  but  our  flefli,  I confefs,  was  not  boiled  enough. 

(190.)  Decemb.  23.  I inclofed  3 ounces  of  raw  beef  in  a receiver  able  to 
hold  32  ounces  of  water  * and  in  boiling,  after  it  had  been  long  on  the 
fire,  the  cover  was  forced  from  the  receiver,  and  fo  fuffered  the  vapours 
to  pafs  out -5  but  being  prefently  fliut  again,  and  the  fire  removed,  the 
receiver  foon  loft  its  internal  preffure  *,  fo  that  being  re- plac’d  on  the  fire,  it 
was  a long  time  before  it  could  force  away  the  cover  a fecond  time,  I tried 
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this  again,  and  again;  and  unlefs  the  receiver  had  been  expos’d  to  aPKFUMATIC» 
very  ftrong  fire,  the  cover  would  never  have  been  removed  ; but  if  the 
fire  burns  well,  fweet  exhalations  continually  pafs  out. 

Decemb.  24.  The  receiver  having  been  cool’d,  during  the  whole  night, 
was,  this  day,  by  the  ufe  of  the  pneumatic  engine,  almoft  wholly  evacua- 
ted. Whence  we  feem  to  have  a confirmation,  that  the  divulfion  of  the  co- 
ver is  not  made  by  that  air  which  can  keep  the  form  of  air,  but  from  the 
fleams  exhaling  from  the  flefh,  and  fubfiding  again  therein  ; provided  they 
be  kept  in,  as  they  eafily  may,  if  we  ufe  not  too  fierce  a fire  to  the  evacua- 
ted receiver,  whereby  the  lofs  of  thofe  fweet  vapours  may  be  prevented. 

(19 1.)  Jan.  21.  1 679.  I put  pafte  without  leaven  into  an  exhaufled pa^e  -bgiied  in 
receiver,  and  included  another  part  of  the  fame  pafte  in  a fecond  receiver  vacuo,  and  in 
full  of  common  air.  I inclos’d  thefe  two  receivers  in  Balneo  Maria,  (topt^/non  a/r. 
with  a fcrew  ; and  when  they  had  remain’d  there  for  three  hours,  expofed 
to  a moderate  fire,  I opened  the  receivers:  the  pafte  in  vacuo  I found  red- 
difh  on  the  fuperficies  ; but  the  other  had  admitted  water  ; and  the  pafte 
was  not  boiled  enough : and  therefore,  I put  both  receivers  again  in  Bal- 
mo  Maria , where  they  ftaid  a whole  night. 

Jan.  22.  This  morning  I found  the  Balneum  Maria  quite  cold ; and  the 
pafte,  when  taken  out,  was  boil’d  enough,  but  covered  with  no  cruft. 

That  which  I included  in  vacuo,  was  interfperfed  with  many  cavities,  but 
it  feemed  too  infipid  ; the  other  had  no  cavities,  but  a more  pleafant  tafte. 

Both  the  receivers  were  found  almoft  wholly  empty’d  of  air. 

(192.)  Feb . 3.  1679.  I inclofed  leavened  pafte  in  vacuo,  and  as  foon  as  Leavened  pafte 
it  had  filled  its  receiver  with  factitious  air,  tranfmitted  it  into  the  receiver  ; boiled  in  Bal- 
I ufed  to  boiVflefh  in  Balneo  Maria  ; but  when  the  pafte  was  thus  remov’d, neo  Marias, 
it  pitch’d  much  ; yet  when  it  had  remained  for  three  hours  in  a hot  ^ • 

neum  Maria,  the  bread  made  of  it  was  interfperfed  with  many  cavities,  butfn*Vacuo/  ^ 
covered  with  no  cruft. 

Feb.  5.  I repeated  the  experiment,  but  now  the  pafte  was  included  in 
vacuo,  in  the  fame  receiver,  which  was  afterwards  put  in  Balneo  Maria ; and 
therefore,  there  was  no  need  to  remove  the  pafte,  and  expo fe  it  to  the  air. 

Hence  the  bread  made  thereof  was  much  lighter  than  the  former. 

(193.)  Feb.  12.  1 included  rofemary,  with  water,  in.  the  diftilling  vef-  Rofemary  and 
fel  ; and  when  the  air  was  pump’d  out,  I put  the  veffel  in  balneo  Arena, water  ^filled 
and  there  came  over  a water  of  a very  fweet  fmell,  and  fome  drops  of  ef- m vacU0‘ 
fential  oil  of  a very  fweet  feent,  and  not  empyreumatical.  But  when  I 
opened  the  flop- cock  to  let  in  the  air,  the  noife  fo  foon  ceafed,  that  I 
judged  much  air  was  produced  from  the  rofemary. 

Feb.  13.  I put  the  fame  rofemary  into  the  fame  evacuated  veffel,  and 
adminiftred  a more  intenfe  fire,  yet  could  extract  no  oil,  fweet,  or  fetid  ; 
and  the  water  was  lefs  fragrant  than  the  former. 

,(194.,)  Feb . 10.  1679.  I boil’d  one  pound  of  flefh  in  vacuo,  in  a veffel  Flefh  boiled  In 
deferib’d,  which  would  contain  almoft  four  pounds  of  water  : its  upper vacuo- 
part,  which  was  made  of  glafs,  held  the  mercurial  gage  ; by  the  help 
whereof,  I perceiv’d,  that  the  mercury  afeended  not  three  inches,  tho* 
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p— the  flefh  had  boiled  for  three  hours,  and  more.  It  wasnot  boiled  enough, 
and  its  tafte  was  ungrateful : the  liquor,  form’d  of  the  condens’d  vapours, 
had  alfo  an  unpleafant  tafte. 

Feb.  ii.  I repeated  the  experiment,  but  now  fprinkled  the  flefh  with 
pepper  and  cloves : the  mercury  afcended  to  the  height  of  fix  inches,  tho* 
the  flefh  boil’d  no  longer  than  the  other : it  feemed  very  grateful  to  the  pa- 
late : and  the  liquor,  formed  from  the  vapours,  had  a moft  pungent  tafte 
of  pepper  •,  but  contra&ed  nothing  ungrateful  from  the  flefh,  as  in  the 
former  experiment. 

From  thefe  experiments  made  in  vacuo,  it  feems,  that  fuch  veflels  may 
be  very  ufeful  for  diftilling,  and  boiling  of  fuch  bodies,  as  contain  thin, 
and  very  volatile  fpirits  : for  every  thing  will  here  be  preferved,  and  no- 
thing be  fufter’d  to  fly  away. 

Soiling  in  (1 95.  J Jan.  29.  Eight  days  ago,  I filled  a fcrew  veflel,  with  beef  and 

firm'd vejfeh  water  together ; and  when  it  had  continued  over  a moderate  fire  for  eight 
°ana  fir jt" beef or  ™ne  hours  in  Falneo  Maria , ftopt  alfo  with  a fcrew,  I took  the  flefh  out ; 
and  water  boil-  but  it  was  boiled  a great  deal  too  much,  and  the  tafte  of  it  was  very  un- 
ed  in  Balneo  pleafant.  I boiled  other  beef  in  the  fame  veflel,  after  the  fame  manner; 
Mariae.  GnJy  this  was  leafoned  with  pepper  and  cloves,  and  remained  expofed  to 
the  fire  but  for  three  hours.  This  flefh  preferved  a moft  pleafant  tafte.  I 
boiled  other  flefh  without  fpices  for  three  hours,  in  the  fame  veflel,  and 
after  the  fapie  manner  : when  the  flefh  was  taken  out,  it  tailed  well ; whence 
I conjedlur’d,  that  what  fpoiled  the  firft  flefh,  was  over-boiling  : yet  the 
fpices  may  be  convenient  to  corredl  fome  part  of  the  ungrateful  tafte  ; for 
I left  a place  to  condenfe  the  vapours,  in  the  top  of  the  veflel,  and  found, 
that  the  liquor  there  formed,  had  an  unpleafant  tafte  ; but  noefo  when  the 
lie fli  was  fealon’d  with  pepper  and  cloves. 

( 196. ) Jan.  29.  I boil’d  apples,  after  the  fame  manner  as  I did  the 
flefh  before-mention’d  ; but  mix’d  no  water  with  them.  They  were  fet 
upon  a moderate  fire  for  almoft  two  hours.  They  were  very  foft,  and  of 
a very  good  tafte  ; but  fome  pieces,  which  lay  in  the  upper  part  of  the  re- 
ceiver, where  the  vapours  afcending  from  the  lower  part  condenfed,  were 
of  an  unpleafant  tafte  ; and  the  drops,  form’d  from  the  fame  vapours,  had 
an  ungrateful  fcent. 

(197.)  February  4.  I inclofed  flefh  with  pepper  and  cloves,  in  a recei- 
ver ftopt  with  a fcrew,  but  ufed  no  water  to  fill  up  the  interftices  *,  only 
comprefled  the  flefh  as  much  as  I could,  and  then  put  the  receiver  in  Bal- 
neo Maria,  already  hot,  and  ftopt  it  with  a fcrew;  when  it  had  remained 
there,  over  a moderate  fire,  for  an  hour,  the  flefh  was  rather  over-boil- 
ed, than  under  ; but  when  I opened  the  Balneum  Maria , all  the  water 
burft  out  of  it  with  a great  force  ; the  liquor  being  hot,  and  now  find- 
ing vent. 

Feb.  5.  I inclofed  fome  part  of  this  flefh  in  a receiver,  ftopt  with  a 
fcrew. 

March  12.  The  flefh  included  five  weeks  ago,  was,  this  day,  found  very 
Ido  not  doubt,  but  that  perfed  boiling  contributed  fomething  to 
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its prefervation:  fori  find,  by  experiments  made  upon  other  bodies,  thatp-VEWMAT,c» 
boiling,  the  more  perfe£t  it  is,  hinders  fermentation  the  more. 

(198.)  February  io.  I boil’d  a cow-heel,  after  the  fame  manner  as  I had  A cow-heel 
done  the  flefh  above- mention’d  ; but  left  it,  for  four  hours,  or  more,  up-  bot? d til1  tbe 
on  a moderate  fire  : then  the  vefiels  being  unftopt,  we  found  the  flefh  ex-  b™*swerete9 
cellently  well  boiled,  and  the  bones  fo  foft,  that  they  might  be  eafily  cut 
with  a knife,  and  eaten.  rr.  ^ 

Feb.  12.  I repeated  the  experiment,  and  let  the  vefiels  remain  expofed 
to  the  fire  for  twelve  hours;  and  tho’  the  water  of  the  Balneum  Maria 
every  where  fecured  the  veflel  immerfed  in  it,  yet  the  flefh  had  contracted 
a very  empyreumatical  tafte  and  fmell ; but  the  juice,  which,  in  the  for- 
mer experiment,  concreted  into  a very  firm  gelly,  did  not  here  congeal 
at  all.  # . 

Hence  it  appears,  that  many  bones,  and  hard  tendons,  which  we  daily 
throw  away  as  unprofitable,  may,  by  the  help  of  a Balneum  Maria , ftopt 
with  a fcrew,  be  converted  into  good  nourifhment. 

(199J  February  io.  1 boil’d  a fifh  after  the  fame  manner,  in  a fcrew’d  bo}l'd \n 

Balneum  {Aatri&%  but  mixed  no  water  therewith.  The  fifh  remain’d  upon  " 

the  fire  for  two  hours  only  ; when  the  vefifel  being  cool’d  and  open’d,  it 
was  found  of  a very  good  tafte  ; and  its  bones  were  fo  foft,  that  they 
yielded  to  the  preffure  of  the  finger;  and  the  head  of  it  might  be  eaten 
like  its  flefh.  The  juice  of  it,  in  a fhort  time,  concreted  into  a gelly  of 
a hard  confiftence. 

This  method  is  ufeful  for  boiling  fuch  fifh  as  are  very  bony. 

(200.)  February  15.  I put  hart’s-horn  into  a receiver,  to  be  ftopt  with  Hart's-born 
a fcrew,  and  filled  the  interfaces  with  water ; I included  the  receiver,  foil'd  foft. 

- thus  ftopt,  in  a fcrew’d  Balneum  Maria , and  fo  expofed  it  for  four  hours, 
to  a moderate  fire:  the  vefiels  being  open’d,  the  hart’s-horn  was  found 
foft,  and  the  juice  foon  concreted  into  a very  firm  gelly. 

Feb.  17.  I repeated  the  experiment,  but  no  water  was  included  with 
the  hart’s-horn,  and  the  fire  lafted  fix  hours  under  the  Balneum  Maria  ; 
after  this,  the  hart’s-horn  was  found  very  foft ; but  a little  juice  had  fweat 
out  of  it,  and  adhered  to  the  external  parts  of  the  hart’s-horn,  like  drops 
of  gelly. 

The  excellency  of  fuch  a Balneum  Maria  appears  from  this  experiment ; 
for  fince  even  hart’s-horn  can  be  boil’d  by  means  thereof,  without  water, 
all  the  frefh  water,  ufually  confumed  in  boiling  flefh  at  fea,  may  be  pre- 
ferved  for  other  ufes. 
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DEFENCE 

OF  THE 

Phyfico-Mechanical  Experiments, 

AGAINST 

The  Objections  of  Franc.  Linus;  his  Hypothefis 
examined,  and  his  Anfwers  to  particular  Experi- 
ments confider’d. 


fThe  objections  author  confefies,  that  the  air  hath  both  a fprihg  and  weight ; 

ngainjl  the  f V but  denies  that  fpring  to  be  great  enough  to  perform  what  I a- 
exam/ned”S  fcribe  thereto  •,  and,  particularly,  labours  to  prove  it  unable,  in  a 

clofe  place,  to  fuftain  the  mercury  in  the  Torricellian  experiment.  For, 
fays  he,  tc  if  a tube,  only  twenty  inches  long,  be  not  entirely  fill’d  with 
quick-filver,  but  a fmall  fpace  be  left  betwixt  it,  and  the  finger  that 
C£  clofes  the  upper  end,  with  nothing  but  air  there  ; and  the  tube  be  open- 
46  ed  at  the  bottom,  the  finger  will  not  only  be  drawn  downwards,  but 
4C  the  quick-filver  will  defcend  confiderably  •,  that  is,  as  far  as  fo  fmall  a 
cC  parcel  of  air  can  be  ftretch’d  by  the  defcending  weight ; and  therefore, 
“ if,  inftead  of  air,  any  other  liquor,  not  fo  cafily  extended,  be  here  ufed, 
<c  the  quick-filver  will  not  fall : but  if  the  external  air  cannot  fuftain  20 
C£  inches  of  mercury,  how  ftiould  it  fupport  29  7?  ” But  to  this  argu- 
ment, he  has  himfelf  furnifhed  us  with  an  anfwer  in  thefe  words.  “ But, 
you’ll  fay  that  the  mercury  defcends,  becaufe  ’tis  impelled  downwards, 
<c  by  the  air  dilating  itfelf  by  its  own  fpring.”  Which  I think  fufficient 
for  the  objection,  notwithftanding  the  two  exceptions  he  makes  to  it. 

For,  firft,when  he  fays,  that  then  “ the  finger  ought  rather  to  be  repell’d 
41  from,  than  fix’d  to  the  tube,  fince  the  expanfion  is  made  every  way  he 
confiders  not,  that  tho’  the  included  air  extends  itfelf  at  firft,  every  way, 
yet  the  expanfion,  in  our  cafe,  muft  neceflarily  be  madedownward;  becaufe 
the  finger  that  flops  the  tube,  being  expofed  on  the  upper  parts,  and  the 
fides,  to  the  external  air,  has  the  whole^  weight  and  prefture  of  the  atmo- 
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fphere  upon  it ; and  confequently,  cannot  be  thruft  away,  but  by  a force,  ,cs 

able  to  furmount  that  prefiure;  whilft  on  the  lower  fide  of  the  included  air, 
there  is  the  weight  of  the  whole  mercurical  cylinder  to  affift  the  fpring  of 
the  air  to  furmount  the  weight  of  theatmofphere,  that  gravitates  upon  the 
ftagnant  mercury.  So  that  the  air  included,  endeavouring  to  expand  itfelf, 
finding  no  refiftance  upwards,  and  a confiderable  one  downward,  it  isvery 
natural,  that  it  fhould  expand  itfelf  that  way,  where  it  finds  the  leaft  re- 
fiftance ; as  will  happen,  till  the  fpring  of  the  air  be  fo  far  weaken’d  by 
expanfion,  that  its  prefiure,  together  with  the  weight  of  the  mercury,  that 
remains  fufpended,  will  but  balance  the  prefiure  of  the  outward  air  upon 
theftagnant  mercury.  And,  ifinftead  of  quick-filver,  you  employ  water, 
and  leave,  as  before,  in  the  tube,  an  inch  of  air,  and  then  inverting  it,  open 
it  under  water,  the  included  inch  of  air  will  not  dilate  itfelf  near  half  fo 
far,  as  it  did  when  the  tube  was  almoft  fill’d  with  mercury  ; becaufe,  the 
weight  of  fo  ftiort  a cylinder  of  water  does  but  equal  that  of  between  an 
inch  and  an  inch  and  half  of  quick-filver  ; and  confequently  the  internal 
air  is  far  lefs  aflifted  to  dilate  itfelf,  and  furmount  the  prefiure  of  the  out- 
ward, by  the  cylinder  of  water,  than  by  that  of  mercury. 

As  for  what  our  author  fays,  that,  <c  if  inftead  of  air,  or  water,  fome 
“ other  liquor  be  left  at  the  top  of  the  tube,  the  quick-filver  will  not  de- 
“ fcend  we  can  readily  folvethat  phenomenon,  fince  water  has  either 
no  fpring  at  all,  or  but  an  exceeding  weak  one  ; and  fo  fcarce  prefixes,  but 
by  its  weight,  which,  in  fo  fhort  a cylinder,  is  inconfiderable. 

Hence  we  fee,  why  the  finger  is  fo  ftrongly  faften’d  to  the  upper  orifice 
of  the  tube  it  ftops:  for  the  included  air,  being  fo  far  dilated,  that  an  inch,, 
for  example,  left  at  firft,  in  the  upper  part,  reaches  twice  or  thrice  as  far,, 
as  before  the  defcent  of  the  quick-filver,  its  fpring  muft  be  proportio- 
nably  weaken’d  ; and  confequently,  that  part  of  the  finger  within  the 
tube  will  fuftain  much  lefs  prefiure  upon  it,  from  the  dilated  internal  air, 
than  the  upper  part  of  the  fame  finger,  from  the  unrarify’d  air  without. 

By  which  means,  the  pulp  of  the  finger  will  be  thruft  in. 

Our  author’s  fecond  objection  runs  thus.  “ If  you  take  a tube,  open  at 
cc  both  ends,  of  a confiderable  length,  fuppofe  forty  inches,  fill  it  with 
“ mercury,  place  your  finger  on  the  top,  and  open  the  lower  end  ; the 
“ mercury  willdefcend  to  its  wonted  ftation,  and  your  finger  on  the  top, 

“ be  ftrongly  drawn  within  the  tube,  andftick  clofe  to  it.  Whence  again 
<c  it  is  evident,  that  the  mercury  at  its  own  ftation,  is  not  there  fuftain’d 
<c  by  the  external  air,  but  by  a certain  internal  cord,  whofe  upper  end, 

“ being  faften’d  to  the  finger,  draws  and  fixes  it,  after  this  manner,  in 
<c  the  tube. 

But  this  argument,  being  much  of  the  fame  nature  with  the  former,  the 
anfwer  made  to  that,  may  ferve  here  alfo  ; efpecially,  becaufe  in  the 
prefent  cafe,  the  pulp  of  the  finger  fuftains  lefs  prefiure  on  the  infide 
of  the  tube,  than  in  the  other  *,  the  prefiure  of  the  atmofphere  being  here 
kept  off  from  it,  by  the  fubjacent  mercury  ; whereas  there  is  nothing  of 
that  prefiure  abated  againft  the  other  part  of  the  finger,  that  kept  it  off 
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Pneumatics  fr0rn  the  deferted  cavity  of  the  tube  *,  only  from  the  pulp,  contiguous  to 
the  tube,  there  maybe  fome  taken  off,  by  the  weight  of  the  glafs  itfelf. 
But  as  for  that  partof  the  finger,  which  immediately  covers  the  orifice, 
whether  there  be  any  fpring  in  its  own  fibres,  or  other  conftituent  fub- 
•ftance,  which  finding  no  refiftance  in  the  place  deferted  by  the  quick - 
filver,  may  contribute  to  its  fwelling  *,  he,  who  duly  confiders  the  account 
already  given  of  this  intrufion,  will  find  no  need  of  our  author’s  internal 
Funiculus , which  feems  more  difficult  to  conceive,  than  to  folve  the  pheno- 
mena, in  controverfy,  without  it. 

Our  author  propofes  this  as  a clear  demonftration  ; and  it  is,  indeed, 
the  principal  thing  in  his  book.  44  Take  a tubeof  about  20  inches  long, 

44  with  both  ends  open,  let  its  orifice  be  immers’d  in  ftagnant  mercury, and 
44  one  finger  being  plac’d  underneath,  that  the  mercury  to  be  pour’d  in, 
44  may  not  run  thro*,  let  it  be  fill’d  with  quick-filver,  and  then  another 
44  finger  apply ’d  to  clofe  its  orifice.  This  done,  if  you  take  away  the  lower 
44  finger,  the  upper  will  beftrongly  drawn,  and  fuck’d  into  the  tube,  and 
t4  adhere  to  it  fo  firmly,  that  it  will  elevate  the  tube  itfelf,  with  all  the 
44  quick-filver,  and  make  it  hang  pendulous  in  the  veffel.  Since  then  the 
44  quick-filver  infucha  tube  muftbethruft  upwards  by  the  preponderating 
44  air  *,  it  can  never  be  hence  explain’d,  how  the  finger  isfo  drawn  down- 
44  wards,  and  made  fo  ftrongly  to  adhere  to  the  tube.  For  it  cannot,  by  the 
44  air  forcing  upwards,  be  drawn  downwards.”  In  anfwer  hereto,  I alledge 
that  a good  account  may  be  given  of  this  experiment,  upon  our  hypothe- 
cs, which  is  fufficient  to  ffiew  the  argument  not  to  be  unanfwerable. 

I deny  then,  that  the  finger  is  drawn  downward  or  made,  by  fudlion,  to 
adhere  to  the  tube,  otherwife  than  we  have  already  explain’d. 

He  fays  indeed,  that  the  air  which  thruft  up  the  quick-filver,  cannot 
fo  ftrongly  draw  down  the  finger  : as  if  the  air  were  not  a fluid  body,  but 
a Angle  and  entire  pillar  of  fome  folid  matter. 

However,  when  the  tube  is  fill’d  with  quick-filver,  the  finger  that  ftops 
the  upper  orifice  is  almoft  equally  prefs’d  above,  and  at  the  fides,  by  the 
contiguous  air  *,  and  when  the  lower  finger  is  remov’d,  the  cylinder  of 
mercury,  which  before  gravitated  upon  the  finger,  comes  to  gravitate  up- 
on the  ftagnant  mercury,  and  by  its  intervention,  preffes  againft  the  out- 
ward air*,  fo  that,  againft  thofe  parts  of  the  finger,  that  are  contiguous  to 
the  air,  there  is  all  the  wonted  preffure  of  the  external  air  *,  but  againft 
that  pulp  contiguous  to  the  mercury,  not  fo  much  preffure,  as  againft  the 
other  parts  of  the  finger,  by  about  two  thirds ; becaufe  the  mercurial  cy- 
linder, in  this  experiment,  isfuppos’d  to  be  twenty  inches  high  *,  and  ii  it 
were  but  a little  more  than  thirty  inches  high,  the  weight  of  the  quick- fil- 
ver would  take  off  not  two  thirds  only,  but  the  whole  preffure  of  the  out- 
ward air  from  the  pulp  of  the  finger.  For  in  that  cafe,  the  quick-filver 
would  quite  defert  it,  and  fettle  below  it.  Wherefore,  fince  I have  beforo- 
fhewn,  that  the  preffure  of  the  outward  air  is  taken  off  from  the  body 
that  remains  in  the  upper  part  of  the  tube,  according  to  the  weight 
of  the  liquor  fufpended  in  it ; and  fince,  on  our  hypothefis,  the  preffure  oi 
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the  outward  air  is  able  to  keep  30  inches  of  quick-filver,  or  32,  or  33  Pneumatic* 
feet  of  water  fufpended  ; it  is  no  wonder  if  a prefiure  of  the  ambient 
air,  equal  to  the  weight  of  a cylinder  of  water  of  near  22  feet  long, 
fhould  be  able  to  thruft  in  the  pulp  of  the  finger,  at  the  upper  orifice 
of  the  tube,  and  make  it  ftick  clofely  to  the  top  of  it. 

I know  our  author  affirms,  that  no  prefiure  from  without,  can  ever 
effedt  fuch  an  adhefion  of  the  finger  to  the  tube  •,  but  this  fhould  be  pro- 
ved. Nor  could  I,  upon  trial,  find  the  adhefion  of  the  finger  to  the 
tube,  to  be  near  fo  ftrong  as  our  author  relates;  but  if  you  endeavour 
to  thruft  the  pulp  of  your  finger  into  the  orifice  of  the  tube,  you  may 
thro*  the  glafs,  perceive  it  to  be  manifeftly  tumid  in  the  cavity  of  the 
pipe.  And  if,  by  preffing  your  finger  againft  the  orifice,  you  fhould  not 
make  the  pulp  adhere  quite  fo  ftrongly  to  the  tube,  nor  fwell  quite  fo 
much  within  it,  as  may  happen  in  fome  mercurial  experiments ; it  is  to  be 
confidered,  that  the  air  being  a fluid,  as  well  as  a heavy  body,  does  not 
prefs  only  againft  the  upper  part  of  the  finger,  but  upon  as  much  of  it 
as  is  expofed  thereto,  almoft  every  way  uniformly  and  ftrongly  ; and  fo 
by  its  lateral  prefiure,  thrufts  the  pulp  of  the  finger  into  the  orifice, 
where  there  is  leaft  refiflance. 

Hence,  we  need  not  borrow  the  objedtion  our  author  offers  to  lend, 
that  in  the  experiment  under  confideration,  the  quick-filver  is  prefled 
downward  by  the  fpring  of  fome  air  lurking  betwixt  it  and  the  finger; 

(tho’  fuch  a thing  might  eafily  happen ) fince  we  lately  proved  the  contra- 
ry. And  as  for  what  he  adds  to  confirm  his  argument,  that  “ if  the 
tc  preponderating  air  fucceed  in  the  place  of  the  lower  finger,  which 
“ was  withdrawn ; that  is,  if  it  fuftain  the  quick-filver  after  the  fame 
<c  manner,  as  by  the  lower  finger  apply’d  under  it  ; it  is  manifeft,  that 
“ the  finger  on  the  top,  ought  to  be  no  more  drawn  downwards,  after 
V the  lower  finger  is  removed,  than  before  : but  experience  teacheth  the 
“ contrary  we  muft  confider,  that  the  tube  being  fuppofed  perfedt- 
ly  full  of  mercury,  the  finger  which  flops  the  lower  orifice,  is  ufually 
kept  ftrongly  prefied  againft  it,  left  any  of  that  ponderous  fluid  fhould 
get  out ; fo  that  tho’  the  lower  finger  keeps  up  the  mercury  in  the  tube,, 
and  the  prefiure  of  the  outward  air  would  do  fo  too  ; yet  there  is  this  dif- 
ference, that  the  prefiure  of  the  atmofphere,  depending  upon  its  weight, 
cannot  be  increafed  and  weakened  as  we  pleafe,  like  the  undermoft  fin- 
ger. And  therefore,  whereas  the  atmofpherical  cylinder  will  not  fuftain 
one  of  quick-filver  above  30  inches  high,  thofe  who  make  the  Torricel- 
lian experiment,  often  keep  up  with  the  finger  a mercurial  cylinder  of 
perhaps  50  inches  ; fo  that  in  our  cafe,  before  the  removal  of  the  under 
finger,  the  pulp  of  the  uppermoft  muft  fuftain  about  the  fame  prefiure, 
where  it  is  contiguous  to  the  mercury,  as  the  other  part  of  the  fame  fin- 
ger ; after  the  removal  of  the  under  finger,  there  is  as  much  prefiure 
of  the  atmofphere  taken  oft'  from  the  pulp,  as  balances  a cylinder  of 
quick-filver  20  inches  high. 
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Our  author’s  laft  experiment  is  thus  propofed : “ This  opinion  is  falfe, 
“ becaufe  thence  it  would  follow,  that  quick-filver,  thro’  a like  tube, 
“ might  be  fuck’d  with  the  fame  eafe  out  of  a veffel  as  water  •,  which  is 
contrary  to  experience  ; for,  according  to  this  opinion,  that  the  fluid 
“ underneath, whether  water  or  mercury, may  fo  afcend,no  more  is  requi- 
red, than  that  the  air  in  the  tube  be  drawn  upwards  by  fusion  ; when 
“ the  liquor  below  will  immediately  afcend,  being  impelled  by  the  exter- 
nal air,  which  now  preponderates.”  But  we  formerly  fhew’d,  that 
when  the  mercurial  cylinder,  which  refts  upon  the  ftagnant  mercury,  has, 
at  the  other  end  of  it,  air  kept  from  any  communication  with  the  atmo- 
fpheie,  that  included  air  has  fo  much  of  the  prefiure  of  the  external  air  ta- 
ken off  from  it,  as  balances  the  mercurial  cylinder.  And  the  finger  expo- 
fed  to  the  whole  prefiure  of  the  ambient  air,  in  fome  of  its  parts,  and  in 
others  but  to  the  much  fainter  prefiure  of  the  included  air,  fuftains  an  un- 
ufual  prefiure  from  the  preponderating  power  of  the  atmofphere.  Thus 
the  thorax,  and  the  mufcles  of  the  abdomen,  which  ferve  for  refpiration, 
fuftain  the  prefiure  of  the  whole  ambient  air  •,  tho’  thefe  mufcles  are  able, 
without  any  confiderable  refiftance,  to  dilate  the  thorax  ; becaufe  as  fall 
as  they  open  the  chefi,  and  by  dilating  it,  weaken  the  fpring  of  the  inclu- 
ded air,  the  external  air  rufhing  in,  for  want  of  the  ufual  refiftance  there, 
keeps  that  within  the  thorax,  in  an  equilibrium  to  that  without.  We  fay 
then,  that  if  a cylinder  of  mercury  be,  by  fu<5lion,  raifed  in  the  tube  to 
any  confiderable  height,  the  prefiure  of  the  air  in  the  thorax,  is  Jefiened 
by  the  whole  weight  of  that  mercurial  cylinder;  and  confequently,  the 
lefpiratory  mufcles  are  thereby  difabled  from  dilating  the  chefi  as  freely 
as  ufual.  But  if  infiead  of  mercury,  you  fubftitute  water,  fo  fhorta  cy- 
linder of  that  takes  off  fo  little  of  the  prefiure  of  the  included  air,  that  it 
comes  into  the  lungs  with  almoft  its  ufual  ftrength  ; and  confequently, 
with  almoft  the  fame  force  wherewith  the  external  air  preffes  anainft  the 
thorax.  & 

..And  there  is  an  experiment  of  M.  PafchaPs,  which  fhews  clearly,  that 
if  we  could  free  the  upper  part  of  a tube  from  the  prefiure  of  all  internal 
air,  the  quick-filver  (as  our  author  fays  it  fhould)  would,  by  the  prefiure  of 
the  outward  air,  be  impell’d  up  into  the  tube  as  well  as  water,  till  it  had  at- 
tain’d a height  fuflicient  to  make  its  weight  equal  to  that  of  the  atmofphere. 
The  experiment  itfelf  is  this : “ If  a glafs  fyringe  be  made  of  a fufficient 
“ length,  and  after  the  fucker  is  thruft  into  the  utmoft  orifice,  it  be  plung’d 
•in  the  mercury,  as  foon  as  the  fucker  is  drawn  out,  the  mercury  follows, 
“ and  afcends  to  the  height  of  2 feet,  3 inches  and  a half.  And  when  after- 
“ wards,  tho’  no  greater  force  be  added,  the  fucker  is  drawn  higher,  the 
‘‘mercury  (lands,  and  follows  no  farther;  whence  that  fpaoT  remains 
“ empty  which  lies  between  the  mercury  and  the  fucker.”  So  that  we 
•may  well  explain  our  author’s  experiment,  by  faying,  that  in  a more 
forcible  refpiration,  the  mercurial  cylinder  is  raifed  higher  than  in  a more 
languid  one  ; becaufe  in  the  former,  the  chefi  being  more  dilated,  the  in- 
cluded air  is  alfo  more  expanded,  whereby  its  weaken’d  fpring  cannot,  as 

before. 
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before,  enable  the  mercurial  cylinder  to  balance  the  prefiure  of  the  ambi-  Pn*™^ic< 
entair.  And  the  reafon  why  the  quick-filver  is  not,  by  refpiration, 
rais’d  as  high  as ’tis  kept  fufpended  in  the  Torricellian  experiment,  is  not 
the  prefiure  of  the  outward  air  being  unable  to  raife  it  fo  high  ; but  be- 
caufe  the  free  dilatation  of  the  thorax,  is  oppofed  by  the  prefiure  of  the 
ambient  air  ; which  prefiure  being  againfl:  fo  great  a fuperficies,  and  but 
imperfeftly  refilled  by  the  weakned  fpring  of  the  air  in  the  thorax,  will  be 
very  confiderable  fince,  in  our  engine,  the  prefiure  of  the  external  air  a- 
gainft  the  fucker  of  lefs  than  three  inches  diameter,  was  able  to  raife  an 
hundred  weight.  And  by  the  way,  when  we  ftrongly  fuck  up  quick- filver 
in  a glafs  tube,  tho’  the  elevation  thereof  proceeded  from  our  author’s  Fu- 
niculus:,  contracting  itfelf  every  way  * and  tho*  there  be  a communication 
betwixt  the  internal  furface  of  the  lungs,  and  the  cavity  of  the  tube  ; yet 
we  feel  not,  in  our  lungs,  any  endeavour  of  the  fhrinking  cord  to  tear  off 
that  membrane  they  are  lined  with. 

Our  author  further  fays,  that  “ the  fpring  of  the  air  can  perform  nei- 
<c  ther  more  nor  lefs,  in  a clofe  place,  than  its  equilibrium  in  an  open  one.” 

But  I allow  of  this  opinion,  only  in  fome  cafes  *,  for  in  others,  we  have 
performed  much  more  by  the  fpring  of  the  air,  which  we  can,  within  cer- 
tain limits,  increafe  at  pleafure,  than  can  be  perform’d  by  the  bare  weight, 
which  for  ought  we  know,  remains  always  nearly  the  fame.  And  of  this 
difference,  we  formerly  gave  an  inftance  ; when  by  comprefling  the  air, 
in  the  receiver,  we  impell’d  the  mercurial  cylinder  higher  than  the  ftation 
at  which  the  balance  of  the  air  fuftains  it. 

Our  author  adds,  that  “ fince  the  experiments  of  the  adhefion  of  the 
<c  finger,  &c.  fucceed  alike  in  a clofe  and  open  place,  the  arguments  pro- 
cc  duced  againfl:  the  equilibrium,  make  alfo  againfl:  the  fpring  of  the  air.” 

This  has  already  been  anfwer’d  ; but  fince  he  fays,  that  the  experiments, 
concerning  the  adhefion  of  the  finger,  &c.  fucceed  equally  in  a clofe  and 
open  place,  I wiffi  he  had  told  us  what  way  he  took  to  make  them  ; for 
in  ordinary  rooms,  there  fcarce  ever  wants  a communication  betwixt  the 
internal  and  external  air,  by  means  whereof,  the  weight  of  the  atmofphere 
has  its  effedl  within  the  room. 

Our  author  fuppofes,  that  what  we  afcribe  to  the  fpring,  and  weight  of  The  funicular 
the  air,  is  performed  by  a fort  of  Funiculus , confiding  of  a thin  fubftance,  bP°f^efis  exa* 
greatly  expanded  *,  which  lying  between  two  bodies,  endeavours  to  com  imn 
tra<5t  itfelf,  and  to  bring  thefe  bodies  together,  to  avoid  a vacuum  *,  by  na- 
ture’s abhorrence  whereof  he  at  length,  folves  all  phenomena. 

His  firft  argument  for  this  is,  that  the  finger  would  not  be  drawn  down, 
by  the  defcent  of  the  mercury  in  the  T orricellian  tube,  were  there  not  a Fu- 
niculus j and  that,  were  no  thin  fubftance  there  extended,  a vacuum  muft 
enfue. 

But  this  argument  being  deduced  from  the  fudlion  of  the  pulp  of  the 
finger,  upon  the  defcent  of  the  mercury,  has  been  anfwer’d  already.  Ano- 
ther argument,  which  he  alledges  againfl:  a vacuum, is  the  tranfparency  of 
that  part  of  the  tube,  where  ’tis  faid  to  be  : for,  were  there  a vacuum, 
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s he  fays,  it  would  be  like  a black  pillar,  neither  able  to  afford  any  thing* 
vifible,  or  to  permit  obje&s  to  appear  thro*  it. 

But  the  invalidity  of  this  aftertion  appears  from  the  do&rine  of  the  ato- 
mifts,  who  teach,  that  light  is  made  up  of  fuch  fubtile  effluvia,  as  are  able 
to  penetrate  glafs,  and  therefore,  may  leave  many  vacuities,  tho’  the  ca- 
vity of  the  cylinder  feems  full  of  it  ; and  no  doubt,  were  the  parts  of  the 
lucid  matter  contracted,  they  would  not  fill  one  tenth  of  that  fpace,  fince 
the  fmoke  which  fill’d  our  receiver, fo  as  to  make  it  appear  opake,  pofiefs’d 
when  condens’d,  only  a fmall  part  thereof. 

Thus  a room  may  appear  full  of  the  fmoke  of  a perfume,  tho*  if  all  the 
corpufcles  that  compofe  the  fmoke  were  re- united,  they  would  make  up 
but  a fmall  paftil.  A little  camphire  alfo,  will  fill  a room  with  its  odour; 
but  having,  in  well  clos’d  glafies,  caught  the  fumes  of  it  driven  over  by 
heat,  and  again  reduced  them  into  true  camphire,  I found  its  bulk  very  in- 
confiaerable,  incomparifon  of  the  fpace  it  poffefles,  when  its  fcented  cor- 
pufcles  are  fcatter’d  thro’  the  air. 

I might  add, that  if  the  Torricellian  experiment  fucceed  in  the  dark,  it  may 
well  be  doubted,  whether  our  author’s  argument  will  hold.  For  if  he  en- 
deavours to  prove,  that  the  place  in  queftion  was  full  in  the  dark,  becaufe 
upon  letting  in  the  light,  a light  appears  within  it  ; we  may  reply,  that  this 
light  is  a new  one,  flowing  from  the  lucid  body,  that  darts  its  corporeal 
rays  thro’  the  glafs  and  fpace  in  difpute,  which  for  want  of  fuch  corpufcles, 
were  not, juft  before,,  vifible. 

And  fuppofing  light  to  be  made  by  a propagation  of  the  impulfe  of 
lucid  bodies  thro*  tranfparent  ones,  yet  it  will  not  thence  follow,  that  the 
deferted  part  of  the  tube  muft  be  full  ; in  one  of  our  experiments,  tho* 
many  of  thofe  grofs  aerial  particles,  that  appear  neceflary  to  convey  a lan- 
guid found,  were  foon  drawn  out  of  the  receiver,  yet  there  remain’d  fo 
many,  that  the  others  were  not  mifs’d,  till  a far  greater  number  was  ex- 
tracted ; and  thus  there  may  remain  matter  enough  to  tranfmit  the  impulfe 
of  light,  tho’  betwixt  the  particles  of  that  matter  there  ftiould  be  number- 
lefs  vacuities  ; yet  our  author  pretends  to  prove  abfolutely,  that  there  is 
no  vacuity  in  thedifputed  fpace.  And  fhould  a Cartefian  fay,  the  deferted 
part  of  the  tube  is  filled  with  Materia  fubtilis , he  muft  allow  the  preflure 
of  the  outward  air  to  bethecaufe  of  the  fufpenfionof  the  quick- filver  •,  for 
tho’  the  Materia  fubtilis  may  readily  fill  the  fpaces  deferted  by  the  mercury  ; 
yet  that  within  the  tube  cannot  hinder  fo  ponderous  a liquor  from  fubfiding 
as  low  as  the  ftagnant  mercury  ; fince  the  whole  tube,  being  pervious  to  that 
fubtile  matter,  it  may,  with  like  facility  fucceed,  in  whatever  part  of  it 
/hall  be  forfaken  by  the  quick-filver. 

Our  author’s  next  argument  is,  that  the  mercurial  cylinder,  reft- 
ing  at  its  wonted  ftation,  does  not  gravitate  ; as  appears  by  applying 
the  finger  to  the  immerfed,  or  lower  orifice  of  the  cube  : whence  he 
infers,  that  it  muft,  of  neceftity,  be  fufpended  from  within  the  tube. 
And  indeed,  if  the  finger  be  applied  to  the  open  end  of  the  tube,  before 
*ds  quite  lifted  out  of  the  ftagnant  mercury,  the  experiment  will  fucceed  ; 
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the  finger,  however,  will  feel  a gravitation,  or  prefiure,  of  the  glafs-tube, 
and  the  contained  mercury,  as  of  one  body  •,  but  no  fenfible  prefiure  of 
the  mercury  apart,  as  if  it  endeavoured  to  thruft  away  the  finger  from 
the  tube.  Now,  according  to  our  hypothefis,  the  mercurial  cylinder, 
and  the  air,  balancing  one  another,  the  finger  fuftains  not  any  prefiure, 
fenfibly  differing  from  the  ambient  air,  that  prefies  againfl:  the  nail,  and 
fides  of  it,  and  from  the  included  quick-filver  that  prefies  againfl:  the  pulp. 
But  if  the  mercurial  cylinder  Ihould  exceed  the  ufual  length,  then  the  fin- 
ger would  feel  fome  prefiure  from  that  additional  quick-filver,  which  the 
air  does  not  a (lift  the  finger  to  fuftain:  fo  that  this  phenomenon  may  as 
well  be  folved  on  our  hypothefis,  as  on  our  author’s.  But  how  comes  the 
mercury  in  the  tube,  when  of  a due  altitude,  to  run  out,  upon  removal 
of  the  finger  beneath,  if  it  be  fuftained  only  by  an  internal  cord  ; and, 
when  that  fuftains  it,  to  refemble  a folid  body,  if  the  prefiure  of  the  ex- 
ternal air  has  no  (hare  in  it? 

If  it  be  here  faid,  that  the  finger  muft  feel  great  pain,  by  being  fqueez- 
ed  betwixt  a pillar  of  thirty  inches  of  quick-filver,  and  an  equivalent  pref- 
fure  from  the  atmofphere,  we  muft  obferve,  that  in  fluids,  a folid  has  not 
thatfenfeof  prefiure  from  furrounding  bodies  which  men  are  apt  to  ima- 
gine ; as  appears  from  divers : and  I am  inform’d,  that  the  learned  Maignan, 
tho’  he  purpofely  thruft  his  hands,  three  or  four  palms  deep,  into  quick- 
filver,  his  fingers  were  not  fenfible  of  any  weight  or  prefiure. 

Laftly,  our  author  tells  us,  that  “ thofe  remarkable  vibrations  the 
“ quick-filver  makes,  in  its  defcent,  favours  his  hypothefis.”  But  this 
phenomenon,  alfo,  is  eafily  folved  on  our  hypothefis : for  when  the  ex- 
periment is  made  in  a clofe  place,  as  our  receiver  is,  mercury,  by  its  hid- 
den defcent,  acquires  an  impetus,  befides  the  prefiure  it  has  upon  account 
of  its  gravity : whence  it,  for  a while,  falls  below  its  ftation,  and.  thereby 
comprefies  the  air  that  refts  upon  the  ftagnant  mercury  ; which  air,  by  its 
own  fpring,  again  forcibly  dilating  itfelf,  to  recover  its  former  extenfion, 
expands  beyond  it,  and  thereby  impels  up  the  quick-  filver  fomewhat  above 
its  wonted  ftation;  in  its  fall  from  whence,  it  again  acquires  a power  to 
comprefs  the  air : and  this  reciprocation  of  prefiure,  betwixt  the  quick- 
filver,  and  the  external  air,decreafing  by  degrees,  at  length  wholly  ceafes, 
as  the  mercury  lofes  that  additional  prefiure  it  acquired  by  falling  from 
parts  of  the  tube,  higher  than  its  due  ftation.  But  this  way  of  explicating 
thefe  vibrations,  is  not  necefiary  in  the  free  air ; for  if  we  confider  the  at- 
mofphere only  as  a weight,  and  allow  an  impetus  acquired  by  defcent,  the 
phenomenon  will  be  eafily  explained  by  a balance,  wherein  one  of  the 
fcales  chancing  to  bedeprefs’d,  they  do  not,  till  after  many  vibrations, 

regain  their  equilibrium.  ... 

I took  a glafs  fiphon,  whofe  two  legs,  unequal  in  length,  were  parallel, 
and  both  perpendicular  to  that  part  of  the  pipe  which  joined  them  ; and. 
poured  quick-filver  into  it,  till  ’twas  fome  inches  high,  and  equal  m both 
legs ; then  the  fiphon  being  inclined,  till  moft  part  of  the  quick-filver  was 
fallen  into  one  of  the  legs,  I flopped  the  orifice  of  the  other  with  my 

Pppp  2 finger. 
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5 finger  : and,  erefting  the  fiphon  again,  tho’  the  quick-filver  were  forced 
to  afcend  a little  in  that  flopped  leg  ; yet,  becaufe  my  finger  prevented 
the  air  from  getting  away,  the  quick-filver  was  kept  much  lower  in  the 
flopped  leg  than  in  the  other:  but  if,  by  fuddenly  removing  my  finder,  I 
gave  vent  to  the  included  comprefs’d  air,  the  preponderant  quick-filver 
in  the  other  leg  would,  with  the  mercury  in  the  open  one,  make  feveral 
undulations  before,  in  both  legs,  it  refled  in  an  equilibrium.  Now,  in 
this  cafe,  there  is  no  pretence  for  a Funiculus  of  violently  diflended  air, 
to  caufe  the  vibrations  of  the  mercury. 

But  there  are  many  particulars  which  render  the  funicular  hypothefis 
improbable. 

And,  firfl,  our  author  acknowledges,  that  quick-filver,  water,wine, 
as  well  one  as  another,  will  defcend  in  tubes,  exadlly  feal’d  at  the  top,  in 
cafe  the  cylinder  of  liquor  exceed  the  weight  of  a mercurial  cylinder  of 
twenty-nine  inches  and  a half,  but  fubfide  no  longer  than  till  it  is  a balance 
to  a cylinder  of  quick-filver  of  that  height.  Now  it’s  very  flrange,  that 
whatever  the  liquor  be,  there  fhould  be  juft  the  fame  weight  or  flrength 
to  extend  them  into  a Funiculus.  And  this  is  the  more  furprizing,  becaufe 
our  author  makes  fo  great  a difference  betwixt  the  difpofition  of  bodies  of 
various  confidences  to  be  extenuated  into  a Funiculus , that  he  will  not  al- 
low any  human  force  able  to  produce  one  by  the  divulfion  of  two  flat  mar- 
bles, in  cafe  the  contadl  of  their  furfaces  were  foexquifite,  as  quite  to  ex- 
clude all  air  ; tho’  his  reafoning  plainly  agrees  with  experience,  that  ad- 
hering marbles  may  be  forcibly  fever’d  ; and  therefore,  according  to  him, 
the  fuperficial  parts  may  be  diflended  into  a Funiculus , that  prevents  a Va- 
cuum. But  our  hypothefis  labours  not  under  this  difficulty  •,  for  the  weight 
of  the  external  air,  being  that  which  keeps  liquors  fufpended  in  fealed 
tubes,  it  matters  not  of  what  nature  or  texture  the  lufpended  liquor  is,  pro- 
vided its  weight  be  the  fame  with  that  of  a mercurial  cylinder  equiponde- 
rant to  the  aerial  one. 

In  the  next  place  I obferve,  that  the  account  our  author  gives  of  his 
Funiculus , is  much  more  flrange  than  fatisfadlory,  and  not  made  out  by 
any  unqucflionable  parallel  operations  of  nature:  whereas,  the  weight 
and  fpring  of  the  air  may  be  inferr’d  from  fuch  certain  experiments  as  are 
not  concern’d  in  the  prefent  controverfy.  For  the  gravity  of  the  air  may 
be  manifefled  by  a pair  of  fcales;  and  its  fpring  is  difclos’d  fo  clearly  in 
wind-guns,  and  other  in  ft  rumen  ts,  that  our  author  does  not  deny  it.  But  in 
the  explanation  of  his  Funiculus , he  would  have  us  remark  two  things;  firfl, 
“ that  the  quick-filver  which  fills  the  whole  tube,  doth  not  only  touch  the 
4 4 top  of  it,  but  firmly  flick  to  it ; and  that  the  finger  adheres  to  the  mercury; 
f “ fince,  tho’ the  orifice  of  the  tube  be  oil’d,  that  will  not  hinder  it  from 
V*  flicking  as  firmly  as  before.”  But  two  bodies,  by  trufion,  may  eafily  be 
\nade  to  flick  together,  as  much  as  the  tube  and  finger  do,  tho*  one  of  them 
be  oil  d ; befides,  this  adhefion  of  the  finger  to  the  tube  will  happen,  not 
only  when  the  furface  of  the  included  quick-filver  is  contiguous  to  the  fin- 
ger, but  many  inches  below  it.  Water  and  quick-filver,  he  fays,  afcend 
2 by 
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by  fuClion,  “ becaufe  the  pares  of  the  air  included  in  the  tube,  are  now  f0P*ruMATi 
“ firmly  glued  to  one  another,  that  they  make  a ftrong  chain,  whereby 
44  the  water  and  quick- Til ver  are  drawn  up.''*  Which  way  of  wreathing  a 
little  rarified  air  into  fo  ftrong  a rope,  is  highly  improbable. 

Secondly,  he  fays,  that  “ the  rarifcnftion,  or  extenfion  of  a body,  fo  as 
“ to  make  it  take  up  more  fpace,  is  not  only  caufed  by  heat,  but  by  di- 
46  ftenfion,  or  a certain  disjoining  power ; as  condenfation  is  not  only 
ct  made  by  cold,  but  alfo  by  compreftion.”  And  it  is  true  and  obvious, 
that  the  condenfation  of  bodies  (taking  that  word  in  a large  fenfe)  may  be 
made  as  well  by  compreftion  as  cold.  But  I wifh  he  had  more  clearly  ex- 
prefied  what  he  means  in  this  place  by  that  rarifa&ion,  which,  he  fays,  is 
to  be  made  by  a disjoining  power  •,  whereof,  he  tells  us,  there  are  innume- 
rable inftances.  For,  as  far  as  may  be  gathered  from  the  three  examples 
he  fubjoins,  it  is  only  the  air  that  is  capable  of  being  fo  extended,  as  his 
hypothefis  requires  quick-filver,  and  even  ftones  to  be.  And  how  will 
he  prove  that  even  ajir  may  be  thus  extended,  to  fill  2000  times  the  fpace 
it  poftefled  before?  For  that  the  fame  air  adequately  fills  more  fpace  at 
one  time  than  another,  he  proves  but  by  the  rufhing  of  water  into  the 
evacuated  glafs,  and  almoft  filling  it ; which,  he  fays,  is  done  by  the  di- 
ftended  air,  that  contracting  itfelf,  draws  up  the  water  with  it.  The  ex- 
planation he  gives  of  his  Funiculus  is  this : “ Since  it  is  manifeft,  that 
“ the  quick-filver  fticks  to  the  top  of  the  tube,  and  that  rarffadlion  is 
“ made  by  the  mere  diftenfion  of  a body,  it  happens  that  the  defeending 
44  quick-filver  leaves  its  upper  fuperficies  fixed  to  the  top  of  the  tube  ; 

44  and  by  its  weight  fo  ftretches  and  extenuates  it,  till  it  becomes  eafier 
44  to  leave  another  fuperficies  in  like  manner,  than  to  extend  that  any  fur- 
44  ther.  It  leaves  therefore  aTecond  ; and  by  its  defeent  extends  that  a 
44  little  further,  till  it  becomes  eafier  to  feparate  a third,  than  to  extend 
44  that  any  more  ; and  fo  on,  till  at  length  it  hath  no  power  to  feparate, 

44  or  extend  any  more  furfaces,  when  it  comes  to  the  height  of  29  inches 
44  and  a half,  where  it  refts.”  Hence  it  is  eafy  to  difcern,that  he  is  obliged 
to  afiign  his  Funiculus  a ftrange  and  unparallel’d  way  of  production.  Now 
I muft  demand,  by  what  force,  upon  the  bare  feparation  of  the  quick-fil- 
ver and  the  top  of  the  tube,  the  new  body  he  mentions,  comes  to  be  pro- 
duced ? or  how  it  appears,  that  the  mercury  leaves  any  fuch  thing  as  he 
fpeaks  of  behind  it?  For  the  fenfe  perceives  nothing  of  it  at  the  top  of 
the  tube,  nor  is  it  neceffary  to  explain  the  phenomena,  as  we  have  for- 
merly feen.  And  how  fbould  the  bare  weight  of  the  defeending  mercury 
be  able  to  extend  a furface  into  a body  ? Befides,  the  fucceftion  of  furfaces 
!is  a chimera  *,  or  fuppofing  fome  of  the  quick-filver  were  turned  into  a 
thin,  fubtile  firbftance,  yet  how  comes  that  fubftance  to  be  contrived  into 
a Funiculus  of  fo  ftrange  a nature,  that  fcarce  any  weight  can  break  it ; 
and  that,,  contrary  to  all  other  firings,  it  may  be  ftretched,  withouC  be- 
coming more  (lender,  and  obtains  other  very  odd  properties  ? 

Our  author  fays  indeed,  that  44  thefe  furfaces  feem  to  be  feparated  from 
46  the  quick-filver,  and  to  be  extended  into  a moft  (lender  firing,  by  the 

44  falling 
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cc  falling  v/eight,  after  the  fame  manner  that  in  a lighted  candle,  furfaces 
“ of  like  fort  are  feparated  from  the  wax  or  tallow  underneath,  by  the 
“ heat  above,  and  extenuated  into  a moft  fubtile  flame  ; which  doubtlefs 
ce  takes  up  above  1000  times  more  fpace,  than  the  part  of  the  wax,  of 
“ which  the  flame  confided,  po fle fifed  ; fo  our  Funiculus  takes  up  1000 
“ times  more  fpace  than  the  fmall  particle  of  mercury  from  whence  it 
“ arofe.”  And  this  is  the  only  example  whereby  our  author  endeavours 
to  illuftrate  the  generation  of  his  Funiculus . But  here  intervenes  a confpi- 
cuousand  powerful  agent,  adtual  fire,  to  fever  and  agitate  the  parts  of 
the  candle  ; and  befides,  there  is  a manifeft  wafting  of  the  wax  or  tallow 
turned  into  flame  ; and  we  muft  not  admit  that  the  fewel,  when  turned  to 
a flame,  really  fills  fo  much  as  twice  the  genuine  fpace  as  the  wax  it  was 
made  of.  For  the  flame  is  little  lefs  than  an  aggregate  of  thofe  corpufcles, 
which  before  lay  upon  the  upper  fuperficies  of  a candle,  and  were,  by  the 
•violent  heat,  divided  into  minuter  particles,  vehemently  agitated,  and 
brought  from  lying  flat,  to  beat  oft' one  another,  and  make  up,  about  the 
wieck,  fuch  a figure  as  is  ufual  in  the  flame  of  candles  burning  in  the  free 
air.  Nor  will  it  neceflarily  follow,  that  the  fpace  which  the  flame  feems 
to  take  up,  fhould  contain  neither  air,  nor  aether,  or  any  thing  befides  the 
parts  of  that  flame,  becaufe  the  eye  can  difcern  no  other  body  there ; for 
even  the  fmoke  afcending  from  the  fnuff  of  a candle  newly  extinguifhed, 
appears  a dark  pillar,  tho*  there  are  many  aerial,  and  other  invifible  cor- 
pufcles mixed  with  it  *,  fo  that  if  all  thofe  parts  of  fmoke,  which  fhew 
large  in  the  air,  were  colle&ed,  and  contiguous,  they  would  not  perhaps 
amount  to  the  bignefs  of  a pin’s  head  ; as  may  appear  from  the  great 
quantity  of  fteams  that  in  chymical  veflels  go  to  make  up  one  drop  of 
fpirit.  And  therefore,  as  our  author,  to  enforce  nis  former  example,  al- 
ledges the  turning  of  a particle  of  quick-filver  into  vapour  by  fire  ; if  fuch 
be  the  rarifa&ion  of  mercury,  it  is  not  at  all  likely  to  make  fuch  a Funi- 
culus as  he  talks  of;  fince  thofe  mercurial  fumes  appear,  by  various  expe- 
riments, to  be  mercury  divided,  and  thrown  out  into  minute  parts  ; where- 
by, tho’  the  body  obtain  more  of  furface  than  it  had  before,  yet  it  really 
fills  no  more  of  true  and  genuine  fpace  ; fince,  if  all  the  particular  little 
parts  filled  by  thefe  fcattered  corpufcles,  were  reduced  into  one,,  as  the 
corpufcles  themfelves  often  are  in  chymical  operations,  they  would  amount 
but  to  one  whole  equal  to  that  of  the  mercury  before  rarifa&ion. 

I farther  demand,  how  the  Funiculus  comes  by  hooks,  or  parts  proper 
to  take  faft  hold  of  all  contiguous  bodies ; and  even  the  fmootheft,  fuch  as 
glafs,the  calm  furface  of  quick-filver,  water,  oil,  &V.  and  how  thefe  (lender 
and  invifible  hooks  find  innumerable  loops  in  fmooth  bodies,  to  take  hold 
on  fo  ftrongly,  as  to  lift  up  a tall  cylinder  of  quick-filver,  and  draw  in- 
wards the  fides  of  ftrong  glafles  fo  forcibly,  as  to  break  them  to  pieces  ? 
It  is  alfo  fomewhat  ftrange,  that  water,  and  other  fluid  bodies,  fhould, 
when  the  Funiculus  once  lays  hold  on  their  fuperficial  corpufcles,  prefently* 
like  confident  .bodies,  be  drawn  up  in  one  entire  continued  piece ; tho’* 
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even  in  the  exhaufted  receiver,  they  appear  by  many  figns,  to  continue Pneumatic 


fluid. 


I know,  that  by  calling  this  extenuated  fubftance,  a Funiculus , he  in- 
timates, that  it  has  its  fpring  inwards,  like  Jute-firings,  and  ropes  forci- 
bly ftretch’d  ; but  there  is  nofmall  difparity  betwixt  them  : for  in  firings, 
there  is  requir’d  either  wreathing,  or  fome  peculiar,  and  artificial  texture 
of  the  component  parts  i but  a rarifadion  of  air,  does  not  infer  any  fuch 
contrivance  of  parts,  as  is  requifite  to  make  bodies  elaflic.  And  fince 
lute-firings,  &c.  mu  ft,  when  they  fbrink  inwards,  either  fill  up  or  JefiTen 
their  pores,  and  increafe  in  thicknefs,  as  they  diminifh  in  length  ; our 
author’s  Funiculus  differs  widely  from  them  ; fince  it  has  no  pores  to  re- 
ceive the  fhrinking  parts  *,  and  contracts  its  length,  without  increafing  its 
thicknefs.  Nor  does  it,  tome,  feem  very  probable,  that  when,  for  in- 
ftance,  part  of  a polifh’d  marble  is  extended  into  a Funiculus , that  Funw 
cuius  ftrongly  afpires  to  turn  into  marble  again.  And  ’tis  very  unlikely, 
that  the  fpace,  our  author  would  have  replenifh’d  with  his  funicular  fub- 
ftance, fhould  be  full  of  little,  highly-ftretch’d  firings,  that  lay  fall  hold 
on  the  furfaces  of  all  contiguous  bodies,  and  always  violently  endeavour  to 
pull  them  inwards.  For,  a pendulum  being  fet  a moving,  in  our  ex- 
haufted receiver,  vibrated  as  freely,  and  with  the  firing  as  much  ftretch’d 
as  in  the  common  air.  Nay,  the  balance  of  a watch  did  there  move  free- 
ly ; which  is  hard  to  conceive,  if  the  moving  bodies  were  to  break  thro* 
a medium  confifting  of  innumerable  firings,  exceedingly  ftretch’d.  And 
’tisftrange,  if  thefe  firings,  thus  cut,  or  broken,  by  the  pafTage  of  thefe 
bodies  thro’  them,  could  lb  readily  have  their  parts  re-united,  and  imme- 
diately be  made  entire  again.  And  in  this  cafe,  the  two  divided  parts  of 
each  finall  firing,  do  not,  like  thofe  of  other  broken  firings,  fly  back  from 
one  another,  but  meet,  and  unite  again  ; yet  when  in  the  Torricellian  ex* 
periment,  the  tube,  with  the  contain’d  mercury,  is  fuddenly  lifted  out  of 
the  ftagnant  quick-filver  into  the  air,  the  Funiculus  fo  flrangely  contracts 
itfelf,  that  it  quite  vanifhes  ; fo  that  theafcending  mercury  may  rife  to  the 
very  top  of  the  tube. 

But  this  is  not  all  that  renders  our  author’s  hypothefis  improbable  ; for 
it  neceflarily  fuppofes  fuch  a rarifadion,  and  condenfation,  as  is  uninr 
telligible. 

We  muft  here  premife,  that  a body  is  commonly  faid  to  be  rarified,  or 
dilated,  when  it  acquires  greater  dimenfions  than  it  had  before  * and  to 
be  condenfed,  when  it  is  reduced  to  lefs  dimenfions,  that  is,  into  a lefs 
fpace  ; and  that  there  are  three  ways  of  explaining  rarifadion  : for,  ei- 
ther we  muft  fay,  that  the  corpufcles  whereof  the  rarified  body  confifts, 
depart  from  each  other,  fo  that  no  other  fubftance  comes  in  between  them, 
to  fill  up  the  deferted  fpaces,  or,  that  thefe  new  interftices,  are  but  di- 
lated pores, replenifh’d,  as  thofe  of  a tumid  fpunge  by  water,  with  fome  fub- 
tile  ethereal  fubftance  *,  orlaftly,  that  the  fame  body  does  not  only  obtain 
a greater  fpace  in  rarifadion,  and  a lefifer  in  condenfation  ; but  ade- 
quately, and exadly  fills  it:  and  fo,  when  rarified,  acquires  larger  ea- 
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Pneumatics  menfions,  without  leaving  any  vacuities  betwixt  its  component  corpufcles, 
or  admitting  any  new,  and  extraneous  fubdance  between  them. 

’Tis  to  this  lad  way  of  rarifadtion,  that  our  author  has  recourfe,  in 
this  hypothefis ; tho’,  I confefs,  it  appears  to  me  fo  difficult  to  be  con- 
ceiv’d, that  I doubt  whether  any  phenomenon  can  be  explain’d  by  it.  Let 
us  fuppofe,that  in  the  Magdeburg  experiment, he  fo  often  urges  to  prove  bis 
hypothefis,  that  the  undilated  air, which,  as  he  tells  us,  poffefs’d  about  half 
an  inch  of  (pace,  confided  of  ioo  parts,  ’twill  not  be  deny’d,  that  as  the  ag- 
gregate is  adequate  to  the  whole  fpace  it  fills,  fo  each  of  the  ioo  parts  is 
likewife,  adequately  commenfurate  to  its  refpedlive  fpace,  which  is  iooth 
part  of  the  whole.  Now,  our  author  fays,  that  cc  if  a body  poflefles  twice 
“ as  much  fpace,  each  part  of  that  body  mud  do  the  fame.”  Whence  the 
whole  capacity  of  the  fphere,  which  according  to  him, was  2000  times  big- 
ger than  the  fpace  poffefs’d  by  the  unexpanded  air,  there  mud  likewife, be 
2000  parts  of  fpace,  commenfurate  each  of  them,  to  one  of  the  aforefaid 
iooth  parts  of  air  ; and  confequently,  when  he  affirms,  that  half  an  inch  of 
air  poffefs’d  the  whole  cavity  of  the  globe,  if  we  will  not  admit,  as  he  does 
not,  either  vacuities,  or  fdme  fubtile  fubdance  in  the  interdices  of  the  aerial 
particles,  each  part  of  air  mud,  adequately,  fill  2000  parts  of  fpace.  Now 
that  this  fhould  be  refolutely  taught,  to  be  really,  and  regularly  done,  in 
the  Magdeburg  experiment,  will  quedionlefs,  appear  very  abfurd  to  the 
Carteftans , and  thofe  other  philofophers,  who  take  extenfion  to  bebutnoti- 
onally  different  from  body  •,  and  confequently,  impoffible  to  be  acquir’d, 
or  lod,  without  the  addition,  or  detraction  of  matter:  and  will,  I doubt 
not,  appear  drange  to  every  one  who  confiders  how  generally  extenfion  is 
allow’d  infeparable,  and  immediately  to  flow  from  matter;  and  bodies  to 
have  a neceffary  relation  to  a commenfurate  fpace.  Nor  do  I fee,  if  one 
portion  of  air  may  be  fo  eafily  brought  exadtly  to  fill  a fpace  2000  times 
as  great  as  that  it  did  but  fill  before,  without  the  addition  of  any  new 
fubdance,  why  the  matter  contain’d  in  each  of  thefe  2000  parts  of  fpace 
may  not  be  farther  brought  to  fill  2000  more,  and  fo  on  ; fince  each  of 
thefe  newly  replenifh’d  fpaces,  is  prefum’d  to  be  exactly  fill’d  with  body, 
and  no  fpace,  and  confequently,  that  which  the  un-rarified  air  replenilh’d, 
can  be  more  than  adequately  full.  And  fince,  according  to  our  author, 
not  only  fluids,  but  even  folids,  as  marble,  are  capable  of  fuch  a diffen- 
fion,  why  may  not  the  world  be  made  many  thoufand  times  bigger  than  it 
is,  without  either  admitting  a vacuity  betwixt  its  parts,  or  being  increas’d 
with  the  additioh  of  one  atom  of  new  matter  ? 

He  further  alledges,  that  the  phenomena  of  rarifadtion  cannot  be  ex- 
plain’d, either  by  vacuities,  or  the  fub-ingreffion  of  an  ethereal  fubdance  ; 
and  that  there  are  two  ways  of  explaining  that  kind  of  it,  which  he  con- 
tends for. 

Alter  our  author’s  objections  againd  the  two  ways  of  rarifadtion  pro~ 
poled  ; the  one  by  the  vacuids,  ai  d the  other  by  the  Cartef:ans^\\o  admic 
the  mod  folid  bodies,  and  even  glafs  itfelf,  to  be  pervious  to  an  ethereal* 
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or  fubtile  matter,  he  attempts  to  explain  the  manner  by  which  his  own 
rarifadtion  is  perform’d  ; and  having  premis’d,  that  the  explanation  of  the 
way  how  each  part  of  the  ratified  body  becomes  extended,  depends  upon 
the  quality  of  the  parts  into  which  the  body  is  ultimately  refolv’d  ; and, 
having  truly  obferv’d,  that  they  muft,  neceftarily,  be  either  really  indivi- 
fible,  or  endlefly  divifible,  he  endeavours  to  explain  the  Anftotdian  rari- 
fadtion, according  to  thefe  two  hypothefes.  But  tho*  he  thus  propofes 
two  ways  of  making  out  his  rarifadtion,  yet  they  are  irreconcilable  *,  and 
he  fpeaks  of  them  very  doubtfully,  and  obfcurely. 

And  firft,  having  told  us  how  rarifadtion  may  be  explain’d,  if  we  admit 
bodies  to  be  divifible  in  infinitum , he  makes  an  objedtion  againft  the  in- 
finity of  parts  in  a continuum,  whereto  he  gives  fo  dark  an  anfwer, 
that,  I confefs,  I do  not  underftand  it. 

And  ’tisnot  clear  to  me,  that  even  fuch  a divifibility  of  a continuum, 
as  is  here  fuppoled,  would  make  out  the  rarifadtion  he  contends  for  : 
fince,  Jet  the  integrant  parts  of  a continuum  be  more  or  lefs  finite?  or  in- 
finite in  number,  ftill  each  part,  being  a corporeal  fubftance,  muft 
have  fome  particle  of  fpace  commenfurate  to  it  *,  and  if  the  whole  body 
be  rarified,  for  inftance,  to  twice  its  former  magnitude,  then  will  each 
part  be,  likewife,  extended  to  double  its  former  dimenfions  ; and  fill  both 
the  place  it  took  up  before,  and  another  equal  to  it  ; and  confequently, 
two  places.  I will  not,  however,  pretend  to  affirm  which  of  the  two  ways 
by  atoms,  or  by  parts  infinitely  divifible,  our  author  declares  himfelf  for : 
but  whichfoever  of  them  it  be,  I think  he  has  not  intelligibly  made  it  out ; 
as  himfelf  feems  willing  to  confefs.  So  that,  in  his  difcourfe  of  rari- 
fadtion, to  which  our  author  frequently  refen,  as  that  which  ffiould  make 
good  what  feems  the  moft  improbable,  he  has,  inftead  of  a probable 
hypothecs,  fubftituted  a dodtrine  which  himfelf  dares  not  pretend 
capable  of  being  well  freed  from  the  difficulties  with  which  it  may  be 
charged. 

As  for  the  other  way  of  explaining  rarifadtion,  by  fuppofing  that  a 
body  is  made  up  of  parts  indivifible,  he  is,  upon  this  hypothecs,  reduced 
to  allow,  that  “ one  and  the  fame  part  muft  be  in  two  places  adequately, 

“ for  fince  it  is  indivifible,  and  takes  up  a greater  fpace  than  before,  it 
“ muft,  of  neceffity,  be  alfo  in  every  point  of  that  fpace  *,  or  be  virtually 
<c  extended  thro’  all  that  fpace.”  When,  therefore,  he  prefently  after, 
affirms,  that  by  this  virtual  extenfion  of  the  parts,  the  difficulties 
which  have  for  fo  many  ages,  perplex’d  philofophers,  may  be  eafily  fol- 
ved,  he  muft  give  me  leave  to  defire  he  would  explain  what  this  extenfio 
virtualis  is  ; and  how  it  will  remove  the  difficulties  charged  upon  the  Ari - 
Jl ot elian  rarif adtion.  For  the  eafier  confideration  of  this  matter,  let  us  re- 
fume what  we  lately  fuppos’d,  that  in  the  Magdeburgic  experiment,  the  half- 
inch of  undilated  air,  confifted  of  a hundred  corpufcles  ; I demand  how  the 
indivifibility  of  thefe  corpufcles  will  qualify  them  to  make  out  fuch  a ra- 
rifadtion,  as  our  author  imagines?  For,  what  does  their  being  indivifi- 
ble, in  this  cafe,  but  make  it  the  lefs  intelligible,  how  they  can  fill  above 
Yol.IL  Qjqq  q joo 
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ioo  parts  of  fpace  ? He  will  anfwer,  they  are  virtually  extended.  But 
not  here  to  queftion,  how  this  indivifibility  makes  them. capable  of  bein^ 
fo  > I demand,  whether  by  an  atom’s  being  virtually  extended,  its  corpo° 
real  fubftance  does  really  fill  more  fpace  than  it  did  before,  or  not  ? If 
it  do,  then  tis  arrue,  and  real,  and  not  barely  a virtual  extenfion:  but 
fuch  an  extenfion,  we  have  fhewn,  will  not  ferve  the  turn  ; and  our  au- 
thor feems  to  confefs  as  much,  by  devifing  this  virtual  extenfion,  to  avoid 
the  inconveniencies  to  which  he  faw  his  doftrine  of  rarifaftion  would 
otherwife  be  expofed.  But  if  it  be  faid,  that  when  an  atom  is  virtually 
extended,  its  corporeal  fubftance  fills  no  more  fpace  than  before  ; I de- 
mand, how  that  which  is  not  a fubftance,  can  fill  a fpace;  and  how  this 
improper,  and  only  metaphorical  extenfion,  will  folve  the  phenomena  of 
rarifaftion  ? As  how  the  half  inch  of  air,  at  the  top  of  the  fore-mention’d 
lphere,  ffiall  without  a corporeal  extenfion, fill  the  whole  cavity  2000  times 
its  bignefs,  when  the  water  is  fuck  d out  of  it,  and  a£t  at  the  lower-part 
of  thejphere  : For,  our  author  teaches,  that  the  whole  globe  was  fill’d 
with  a certain  thin  fubftance,  which,  by  itscontradlion  violently  fnatch’d 
up  the  water  wherein  the  neck  of  the  glafs  was  immers’d.  And  in  a pa- 
rallel cafe,  he  makes  it  his  grand  argument,  to  prove,  there  is  no  vacuum 
in  the  deferted  part  of  the  tube,  in  the  Torricellian  experiment,  that  the 
attraction  of  the  finger  cannot  be  but  from  fome  real  body. 

Our  author’s  Funiculus , alfo  fuppofes  a condenfation,  that  to  me, 
appears  incumber’d  with  no  lefs  difficulties.  For,  fince  he  teaches,  that 
a body  may  be  condens’d,  without  either  having  any  vacuities  for  the 
comprefs’d  parts  to  retire  into  ; or,  having  its  pores  fill’d  with  any  fub- 
lile,  and  yielding  matter,  thatmay  be  fqueezed  out  of  them;  it  follows, 
that  the  parts  of  a body  to  be  condens’d,  immediately  touch  each  other  • 
which  fuppofed,  I demand,  how  bodies,  that  are  already  contiguous,  can 
be  brought  clofer,  without  penetrating  each  other?  So  that  1 fee  not'  how 
this  condenfation  can  be  perform’d,  without  penetration  of  dimenfions. 
In  the  Magdeburgic  experiment,  he  tells  us,  that  the  whole  capacity  of  the 
globe  is  fill’d  with  an  extremely  rare  body  ; which,  according  to  him,  in- 
tercepts neither  pores,  nor  any  heterogeneous  fubftance.  Now  let  us  confi- 
der,  that  before  the  admiffion  of  water  into  the  exhaufted  globe,  there 
was,  according  to  him,  2000  half  inches  of  a true  and  reafbody  ; and 
that,  after  the  admiffion  of  the  water,  there  remain’d  in  the  fame  globe, 
no  more  than  one  half  inch  of  body  befides.  Since  then,  our  author  does 
not  pretend,  that  the  1999  half-inches  of  matter,  that  now  appear  no  more, 
travers’d  the  body  of  water;  and  fince  he  will  not  allow,  that  it  gets  a - 
way  thro’ the  pores  of  the  glafs  ; I demand,  what  becomes  of  fo  great  a 
quantity  of  matter : For  that  ’tis  annihilated,  I fuppofe,  he  is  too  ra- 
tionaj  to  pretend  ; and  to  fay,  that  fo  many  parts  of  matter,  fhould  be 
retir’d  into  that  one  part  of  fpace  that  contains  the  half-inch  of  air,  is 
little  lefs  incredible  : for,  that  fpace  was  luppos’d  perfectly  full  of  body 
before  ; and  how  a thing  can  be  more  than  perfe&ly  full,  who  can  con- 
ceive ? In  fhort,  according  to  our  author’s  way  of  condenfation,  two,  or 
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perhaps,  two  thoufand  bodies,  may  be  crowded  into  a fpace  that  is  ade-PNEUMATIC» 
quately  filled  with  one  of  them  apart.  And,  if  this  be  not  penetration  of 
dimenfions,  I defire  to  be  inform’d  what  is. 

But  as  the  hypothefis  I am  oppofing,  is  a kind  of  inverfion  of  ours  \7he  prejfure 
fuppofing  the  fpring,  or  motion  of  reftitution  in  the  air,  to  tend  inwards,  a”dfpri”g  °f 
as,  according  to  us,  it  tends  outwards,  many  of  the  phenomena  would,  if C™' 
it  were  true,  be  plaufibly  explicable  by  it ; the  fame  motions,  in  an  inter-  " 
mediate  body,  being,  in  many  cafes,  producible  alike,  whether  we  fup- 
pofe  it  to  be  thruft,  or  drawn  ; provided,  both  the  endeavours  tend  the 
fame  way.  But  then  we  may  be  fatisfied,  whether  the  effedt  be  to  be 
afcribed  to  pulfion,  or  to  tradtion,  if  we  can  find  out  an  experiment, 
wherein  there  is  a reafon  that  fuch  an  effedt  fhould  follow,  in  cafe  pulfion 
be  the  caufe  enquired  after  ; and  not,  in  cafe  it  be  tradtion.  And  fuch  an 
experimentum  cruets  is  afforded  us  by  M.  Pafchal , who  obferv’d  that  the 
Torricellian  experiment,  being  made  at  the  foot,  and  in  different  parts  of  a 
very  high  mountain,  after  he  had  afeended  an  hundred  and  fifty  fathom, 
the  quick-filver  was  fallen  two  inches  and  a quarter  below  its  ftation  at 
the  foot  of  the  mountain  * and  that  at  the  very  top  of  the  hill,  it  had  de- 
fended above  three  inches  below  the  fame  ftation.  Whence  it  appears,  that 
the  quick-filver  being  carried  up  towards  the  top  of  the  atmofphere,  falls 
down  the  lower,  proportitinably  to  the  height  of  the  place  wherein  the 
obfervation  is  made  : the  reafon  of  which,  on  our  hypothefis,  is,  that  the 
nearer  we  come  to  the  top  of  the  atmofphere,  the  fhorter,  and  lighter  is 
the  cylinder  of  air,  incumbent  upon  the  ftagnant  mercury  ; and  confe- 
quently,  the  lefs  weight  of  mercury  will  that  air  be  able  to  balance,  and 
keep  fufpended.  And,  fince  this  noble  phenomenon,  thus  clearly  follows 
upon  ours,  and  not  upon  our  author’s  hypothefis,  it  feems  to  determine 
the  controverfy  j becaufe,  in  this  cafe,  it  cannot  be  pretended,  that  the 
defeent  of  the  quick-filver,  in  the  tube,  is  caus’d  from  the  preternatural 
rarifadtion,  or  diftenfion  of  the  external  air,  when,  by  trying  to  reftore 
itfelf,  it  endeavours  to  draw  up  the  ftagnant  mercury  : for,  there  appears 
no  fuch  forcible  dilatation  of  that  air,  as  in  many  of  the  phenomena  of 
our  engine,  he  is  here  pleafed  to  imagine. 

To  this  experiment  he  replies  but  two  things  *,  which,  neither  fingly, 
nor  together,  will  amount  to  a fatisfadtory  anfwer. 

And  firft,  he  queftions  the  truth  of  the  obfervation  itfelf,  becaufe,  ha- 
ving made  trial  on  a low  hill,  the  event  did  no  ways  anfwer  his  expecta- 
tion. But  GaJJendus  relates,  that  the  obfervation  was  five  times  repeated, 
with  circumftances,  which  fufficiently  argue  the  diligence  wherewith  the 
experiment  was  made  : and  I can  confirm  thefe  obfervations,  by  two  more 
made  on  hills  in  England.  But,  however  the  proportion  of  the  defeent  of 
quick-filver  may  vary  according  to  the  different  confiftence,  and  other  ac- 
cidents of  the  air,  in  the  particular  places,  and  times  of  the  experiments 
being  made  •,  yet  all  obfervations  agree  in  this,  that  nearer  the  top  of  the 
atmofphere  the  quick-filver  falls  lower,  than  when  further  from  it.  And, 
in  one  of  thefe  experiments,  a determinate  quantity  of  air  being  left  in  the 
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5 tube,  before  the  mouth  of  it  was  open’d,  under  the  ftagnant  mercury, 
and  notice  taken  how  low  fuch  a quantity  of  that  air  deprds’d  the  mercu- 
rial cylinder,  ’twas  obferv’d,  that  at  the  mountain’s  foot,  the  included  air 
was  not  able  to  deprefs  the  quickfilver  fo  much.  Whence  we  infer,  thac 
the  cylinder  of  air,  at  the  top  of  the  hilj,  being  fhorter  and  lighter,  did  not 
fo  ftrongly  prefs  againft  the  included  air,  as  did  the  ambient  air  at  the  bot- 
tom of  the  hill,  where  the  aerial  cylinder  was  longer  and  heavier. 

We  alfo  attempted  a trial,  wherein  we  hoped  to  find  a fenfible  difference 
in  the  weight  of  the  atmofphere/in  a far  lefs  height,  than  that  of  an  ordina- 
ry hill.  But  in  (lead  of  a common  tube,  we  made  ufe  of  a weather- o-lafs, 
and  inftead  of  quick-filver,  employed  common  water  in  the  pipe  betono-- 
ing  to  the  glafs  ; that  fmall  changes  in  the  weight  or  refinance  of  the  at- 
mofphere,  in  oppofition  to  the  included  air,  might  be  the  moredifcernible. 

The  inftrument  we  made  ufe  of  confided  only  of  a glafs  AB,  with  a 
broad  foot,  a narrow  neck,  and  a flender  glafs-pipe  CD,  open  at  both 
ends  •,  the  pipe  fo  placed,  that  the  bottom  of  it  almoft  reached  to  the  bot- 
tom of  the  bigger  glafs  AB,  within  whofe  neck  A,  it  was  fatten’d  with 
a clofe  cement,  that  both  kept  the  pipe  in  its  place,  and  hinder’d  all 
communication  betwixt  the  inward  air  If,  and  the  outward  air  KK,  except 
by  the  cavity  of  the  pipe  CD.  Now  we  chofe  this  glafs  AB,  more  than 
ordinarily  capacious,  that  the  ettedt  of  the  dilatation  of  the  included  air  II, 
might  be  the  more  confpicuous.  Then  conveying  a convenient  quantity  of 
water  HD,  into  this  glafs,  we  carry’d  it  to  the  leads  of  the  abbey-church 
at  WeJiminfter , and  there  blew  in  a little  air,  to  raife  the  water  to  the  upper 
part  of  the  pipe,  that,  being  above  the  vettel  AB,  we  might  the  more  pre- 
cifely  mark  the  feveral  ttations  of  the  water.  Afterward,  having  fuffer’d 
the  glafs  to  reft  a pretty  while  upon  the  leads,  that  the  air  II,  within,  might 
be  reduced  to  the  lame  ftate  with  KK,  that  without ; having  mark’d  the  fta- 
tion  of  the  water  F,  we  gently  let  down  the  vettel  by  a firing  to  the  foot  of 
the  wall,  where  one  attended  to  receive  it,  who  having  fuffer’d  it  to  reft 
upon  the  ground,  told  us,  that  it  was  fubfided  about  an  inch  below  the 
mark  F ; whereupon,  having  ordered  him  to  put  a mark  at  thisfecond  fta- 
tion  of  it  E ; we  drew  up  the  vettel  again,  and  fuffering  it  to  reft  a while, 
obferv’d  the  water  to  be  re-afcended  to  the  firft  mark  F, which  was,indeed^ 
about  an  inch  above  E : and  this  we  did  a fecond  time,  with  almoft  a like 
fuccefs ; tho*,  two  or  three  days  after,  the  wind  blowing  ftrongly  upon  the 
leads,  we  found  not  the  experiment  to  fucceed  quite  fo  regularly  ; yet  the 
water,  always,  manifeftly,  fell  lower  at  the  foot  of  the  wall,  than  at 
the  top.  But,  to  avoid  miftakes,  and  prevent  obje&ions,  we  made  the 
experiment  within  the  church,  at  the  fame  height  with  the  leads ; but  the 
upper  part  of  the  pipe  being  accidentally  broken  off,  we  order’d  the  mat- 
ter fo,  that  the  furface  G,  of  the  remaining  water  in  the  pipe,  fhpuld  be 
about  an  inch  higher  than  the  furface  of  that  in  the  vettel.  And  then, 
letting  down  the  glafs,  1 found,  that  almoft  as  foon  as  it  was  fettled 
upon  the  pavement,  it  was  not  only  fallen  as  low  as  the  other  water, 
but  the  outward  air  deprefs’d  it  fo  far,  as,  whilft  I was  looking  on. 
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to  break  in  below  the  bottom  of  the  pipe,  and  afcend  thro*  the  water  in  Pn*vmatic* 
bubbles  *,  after  which,  the  glafs  being  drawn  up  again,  the  water  was  very 
manifeftly  re-afcended.  Hence  ’tis  evident,  that  the  atmofphere  gravi- 
tates more,  ceteris  paribus,  near  the  furface  of  the  earth,  than  in  the  more 
elevated  parts  of  the  air  : for  the  leads  on  which  we  made  our  trials,  were 
found,  in  perpendicular  height,  but  75  feet. 

But  for  an  experiment  of  the  fame  kind,  made  at  a greater  height,  take 
the  following,  communicated  by  Dr.  Power. 

On  the  15th  of  O5lober , 1661,  we  took  a weather-glafs  AB,  about  Fig.  84. 
two  feet  in  length,  and  carrying  it  to  the  bottom  of  Hallifax-bill , the 
water  flood  in  the  fhank  at  13  inches  above  that  in  the  veffel:  thence  car- 
rying it,  thus  fill’d,  with  the  whole  frame,  immediately  to  the  top  of  the 
faid  hill,  the  water  fell  down  to  the  point  D *,  that  is,  an  inch  and  a quar- 
ter lower  than  it  was  at  the  bottom  of  the  faid  hill  ; which  proves  the  e- 
laflicity  of  the  air:  for  the  internal  air  AC,  which  was  of  the  fame  power 
and  extenfion  with  the  external,  at  the  bottom  of  the  hill,  manifefled  a 
greater  elafticity,  than  the  mountain-air  there  manifefled  prefiure  ; and  fo 
extended  itfelf  further  by  CD. 

The  like  experiment,  I hear  the  fame  ingenious  perfon  has  lately  re- 
peated, and  found  the  defcent  of  the  water  to  be  greater  than  before. 

And  tho’  fome  have  thought  it  flrange,  that,  on  a hill,  far  inferior  to  the 
Alps  and  Appennines , fo  fhort  a cylinder  of  water  fhould  fall  fo  much  ; 
yet  1 fee  not  any  reafon  to  diftruft,  upon  this  ground,  either  this  expe- 
riment, or  ours  made  at  tVeftminfter  *,  but  rather  wonder  the  water  fell  no 
more,  if  the  hill  be  confiderably  high:  for  their  fufpicion  feems  grounded 
on  a miflake  *,  as  if  becaufe  the  quick- filver  in  the  Torricellian  experiment, 
made  without  purpofely  leaving  any  air  in  the  tube,  would  not  at  the  top 
of  the  mentioned  hill,  have  fubfided  above  an  inch,  the  water,  that  is  near 
14  times  lighter,  fhould  not  fall  above  a 14th  part  of  that  fpace  ; whereas, 
in  the  Torricellian  experiment,  the  upper- part  of  the  tube  has  little  or  no 
air  left  in  it,  while  the  correfpondent  part  of  the  weather-glafs  contained 
air,  whofe  prefiure  was  little  lefs  than  that  of  the  atmofphere  at  the  bot- 
tom of  the  hill  •,  and  confequently,  mufl  be  much  greater,  than  the  pref- 
fure  of  the  atmofphere  at  the  top  of  the  hill. 

Another  particular,  which  confirms  our  hypothefis,  is  that  experiment 
made  by  the  fame  M.  Pafchal , by  carrying  a flack-blown  foot-ball  from 
the  bottom  to  the  top  of  an  high  mountain ; for,  the  foot-ball  gra- 
dually fwell’d,  the  higher  it  was  carry’d  : fo  that  at  the  top  of  the  moun- 
tain it  appear’d  as  if  it  were  full-blown*,  and  became  gradually  lank  a- 
gain,  as  it  was  carry’d  downwards  *,  fo  that  at  the  foot  of  the  hill,  it  was 
flaccid  as  before.  We  have  here  an  experiment  to  prove  our  hypothefis, 
wherein  recourfe  cannot  be  had  to  any  body  forcibly,  and  preternatu- 
rally  diftended,  fuch  sls  is  pretended  to  remain  in  the  deferted  fpace  of 
the  tube  in  the  Torricellian  experiment. 

But  further,  our  author’s  hypothefis  is  needlefs  ; for  he  denies  not  that 
the  air  has  fome  weight  and  fpring,  but  affirms  it  very  infufficient 

to 
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to  counterpoife  a mercurial  cylinder  of  29  inches.  We  (hall,  therefore, 
now  endeavour  tomanifeft  by  experiments  purpofely  made,  that  the  fpring 
of  the  air  is  capable  of  performing  far  more  than  is  neceflary  to  folve  the 
phenomena  of  the  Torricellian  experiment.  We  took  a long  glafs- tube, 
fo  bent  at  the  bottom,  that  the  part  turned  up,  was  almoft  parallel  to  the 
reft  of  the  tube  ; and  the  orifice  of  this  fhorter  leg  being  hermetically  feal- 
ed,  the  length  of  it  was  divided  into  inches,  each  ofwhich  was  fub-divided 
into  eighths,  by  a lift  of  paper  carefully  pafted  along  it : then  putting  in 
as  much  quick-filver  as  filled  the  bended  part  of  the  fiphon,  that  the 
mercury  (landing  in  a level,  might  reach,  in  the  one  leg,  to  the  bottom 
of  the  divided  paper,  and  juft  to  the  fame  height  in  the  other  ; we  took 
care,  by  frequently  inclining  the  tube,  that  the  air,  at  laft  included  in  the 
fhorter  cylinder,  fliould  be  of  the  fame  laxity  with  the  reft  of  the  air 
about  it.  This  done,  we  began  to  pour  quick-filver  into  the  longer  leg 
of  the  fiphon  *,  which,  by  its  weight,  prefllng  upon  that  in  the  fhorter, 
gradually  ftraitned  the  included  air  -,  and  continuing  to  pour  in  quick- 
filver,  till  the  air  in  the  fhorter  leg  was,  by  condenfation,  reduced  to  take 
up  but  half  the  fpace  it  poflefs’d  before,  we  obferv’d,  in  the  longer  leg 
of  the  glafs,  on  which  was  likewife  pafted  a lift  of  paper,  divided  into 
inches  and  parts,  that  the  quick-filver  was  29  inches  higher  than  in  the  o- 
ther.  Hence  we  fee,  that  as,  according  to  our  hypothefis,  the  air, 
in  that  degree  of  denfity,  and  correfpondent  meafure  of  refiftance,  where- 
to the  weight  of  the  incumbent  atmofphere  reduces  it,  is  able  to  balance  and 
refift  the  preffure  of  a mercurial  cylinder  of  about  29  inches  ; fo,  here, 
the  fame  air,  brought  to  a degree  of  denfity,  about  twice  as  great  as  it  had 
before,  obtains  a fpring  twice  as  ftrong  *,  being  able  to  fuftain,  or  refift  a 
cylinder  of  29  inches  in  the  longer  tube,  together  with  the  weight  of  the 
atmofpherical  cylinder,  that  refted  upon  thofe  29  inches  of  mercury. 

After  fome  other  trials,  one  of  which  we  made  in  a tube,  whofe  longer 
leg  was  perpendicular  ; and  the  other,  that  contained  the  air  parallel  to 
the  horizon  ; we  at  laft  procured  a tube,  which,  tho*  large,  was  fo  long, 
that  the  cylinder,  whereof  the  fhorter  leg  of  it  confided,  admitted  a lift 
of  paper  divided  into  12  inches,  and  their  quarters  ; and  the  longer  leg 
another,  feveral  feet  in  length,  and  divided  after  the  fame  manner  : then 
quick-filver  being  poured  in,  to  fill  up  the  bended  part  of  the  glafs,  that 
the  furface  of  it,  in  either  leg,  might  reft  in  the  fame  horizontal  line-,  more 
quick-filver  was  pour’d  into  the  longer  tube:  and  notice  being  taken,  how 
far  the  mercury  rofe  therein,  when  it  appeared  to  have  afcended  to  any  of 
the  divifions  in  the  fhorter -,  the  feveral  obfervations  that  were  thusfuc- 
.ceftively  made,  and  fetdown,  afforded  us  the  following  table. 
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A T A B L E of  the  Condenfation  of  the  AIR 
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AA  The  number  of  equal  fpaces  in  the  fliortef 
leg,  containing  the  fame  parcel  of  air, 
differently  expanded. 

B The  height  of  the  mercurial  cylinder  in  the 
longer  leg,  that  comprefs’d  the  air  into 
thole  dimenlions. 

G The  height  of  a mercurial  cylinder,  that  ba- 
lanced the  preffure  of  the  atmofphere. 

D The  aggregate  of  the  two  lafl:  columns  R 
and  C,  exhibiting  the  preffure  fultained 
by  the  included  air. 

E What  that  preffure  Ihould  be,  fuppoling  it 
in  reciprocal  proportion  to  the  expanfiom 
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For  the  better  underflanding  of  this  experiment,  it  is  proper  to  ob* 
ferve  the  following  particulars.  1.  The  tube  being  very  tall,  we  were 
obliged  to  ufe  it  on  a pair  of  flairs,  which  were  very  well  illumined  ; and 
for  prefervation,  it  was  fufpended  by  firings.  2.  The  lower,  and  bent 
part  of  the  pipe,  was  placed  in  a fquare  wooden  box,  large  and  deep,  to 
prevent  the  lofs  of  the  quick-filver.  3.  We  were  two,  to  make  the  ob- 
servation together  ; the  one  to  take  notice  at  the  bottom,  how  the  quick- 
filver  rofe  in  the  fhorter  cylinder  and  the  other,  to  pour  it  in  at  the  top 
of  the  longer.  4.  The  quick-filver  was  poured  in  but  flowly,  according 
to  the  direction  of  him  who  obferved  below.  5.  At  the  beginning  of  the  . 
operation,  that  we  might  the  more  truly  difcern  where  the  quick-filver 
refled  from  time  to  time,  we  made  ufe  of  a fmall  looking-glafs,  held  in  a 
convenient  poflure,  to  reflect  to  the  eye  what  we  defired  to  fee.  6.  When 
the  air  was  crouded  into  lefs  than  a quarter. of  the  fpace  it  poflTefied  before, 
we  try'd  whether  the  cold  of  a linen-cloth,  dipt  in  water,  would  condenfe 
it ; and  it  fometimcs  feemed  a little  to  fhrink,  but  not  fo  manifeflly,  that 
we  dare  build  upon  it.  We  then  try’d  likewife  whether  heat  would  dilate 
it  ; and  approaching  the  flame  of  a candle  to  that  part  where  the  air  was 
pent  up,  it  had  a more  fenfible  operation  than  the  cold  before ; fo  that 
we  fcarce  doubted  the  expanfion  of  the  air  would,  notwithftanding  the 
weight  that  oppreflfed  it,  have  been  made  confpicuous,  if  the  fear  of  break- 
ing the  glafs  had  not  kept  us  from  increafing  the  heat. 
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Pneumatics  This  fufficiently  proves  the  principal  thing  for  which  I here  alledge  it ; 

fmce  it  is  evident,  that  as  common  air,  when  reduced  to  half  its  natural 
extent,  obtained  a fpring  about  twice  as  forcible  as  it  had  before  *,  fo  the 
air  thus  comprefied,  being  farther  crouded  into  half  this  narrow  room, 
thereby  obtained  a fpring  as  ftrong  again  as  that  it  laft  had,  and  confe- 
quently  four  times  as  ftrong  as  that  of  common  air.  And  there  is  no 
caufe  to  doubt,  that  if  we  had  been  furnifhed  with  a greater  quantity 
of  quick*filver,  and  a very  ftrong  tube,  we  might,  by  a further  compref- 
fion  of  the  included  air,  have  made  it  balance  the  prelfure  of  a far  tal- 
ler and  heavier  cylinder  of  mercury.  For  no  man  perhaps  yet  knows 
how  near  to  an  infinite  compreflfure  the  air  may  be  reduced  by  a force 
competently  increafed.  So  that  here  our  author  may  plainly  fee,  the 
fpring  of  the  air  can  refill,  not  only  the  weight  of  29  inches,  but  in  fome 
cafes  above  100  inches  of  quick- filver  *,  and  this  without  the  afliftance  of 
his  Funiculus , which,  in  our  prefent  cafe,  has  no  pretence  to  be  employ’d. 
And  to  Ihew  that  the  weight  of  the  incumbent  acmofphere,  made  a part 
of  the  weight  refilled  by  the  imprifon’d  air  •,  when  the  mercurial  cylinder, 
in  the  longer  leg  of  the  pipe,  was  about  100  inches  high,  we  caufed  a man 
to  fuck  at  the  open  orifice,  whereupon  the  mercury  in  the  tube  confide- 
rably  afcended  •,  which  phenomenon  cannot  be  afcribed  to  our  author’s 
Funiculus  \ fince,  by  his  own  confeftion,  that  cannot  pull  up  a mercurial 
cylinder  of  above  29  or  30  inches.  And  therefore  the  prelfure  of  the  at- 
mofphere  being  in  part  taken  off,  by  expanding  itfelf  into  the  man’s  di- 
lated cheft,  the  imprifoned  air  was  thereby  enabled  manifeftly  to  dilate 
and  repel  the  mercury  that  comprefied  it,  till  there  was  an  equality  of 
force  betwixt  the  ftrong  fpring  of  the  comprefied  air  on  the  one  part,  and 
the  tall  mercurial  cylinder,  with  the  contiguous  dilated  air,  on  the  other. 

Now,  if  to  what  we  have  delivered  concerning  the  comprelfure  of  the 
air,  we  add  fome  obfervations  of  its  fpontaneous  expanfion,  it  will  the 
better  appear,  how  much  the  phenomena  of  thefe  mercurial  experiments 
depend  upon  the  different  meafures  of  ftrength  to  be  met  with  in  the  air’s 
fpring,  according  to  its  various  degrees  of  comprelfion  and  laxity. 
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A T A B L E of  the  Rarifattion  of  the  A I R. 
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A The  number  of  equal  fpaces  at  the  top  of  the  tube, 
that  contained  the  fame  parcel  of  air. 

B The  height  of  the  mercurial  cylinder,  that  toge- 
ther with  the  fpring  of  the  included  air,  balanced 
the  prefTure  of  the  atmofphere. 

C The  prefTure  of  the  atmofphere. 

D The  complement  of  B to  C,  exhibiting  the  pref- 
fure  fultained  by  the  included  air. 

E What  the  prefTure  fhould  be,  according  to  the  hy- 
pothecs. 


* To  make  the  experiment  of  the  debilitated  force  of  expanded  air  the 
plainer,  we  muft  mention  fome  particulars,  efpecially  with  relation  to  the 
manner  of  performing  it.  i.  We  made  it  on  a light  pair  of  flairs,  and 
with  a box  link!  with  paper  to  receive  the  mercury  that  might  be  fpik  j 
and  in  a glafs  tube  about  fix  feet  long,  hermetically  fealed  at  one  end.  2. 
We  alfo  provided  a (lender  glafs  pipe  about  the  bignefs  of  a fwan’s  quill, 
and  open  at  both  ends,  all  along  which  was  pafled  a narrow  lift  of  paper* 
divided  into  inches  and  half  quarters.  3.  This  (lender  pipe  being  thruft 
into  the  greater  tube,  almoft  filled  with  quick- filver,  the  glafs  helped  to 
make  it  fwell  to  the  top  of  the  tube  *,  and  the  quick-filver  getting  in  at 
the  lower  orifice  of  the  pipe,  filled  it  up  till  the  mercury  included  in  that, 
was  near  upon  a level  with  the  furface  of  the  furrounding  mercury  in  the 
tube.  4.  There  being  little  more  than  an  inch  of  the  (lender  pipe  left 
above  the  furface  of  the  ftagnant  mercury, and  confequently  unfill’d  there- 
with, the  prominent  orifice  was  carefully  clofed  with  melted  fea!ing-wax  ; 
after  which  the  pipe  was  let  alone  for  a while,  that  the  air,  dilated  by  the 
heat  of  the  wax, might, upon  refrigeration, be  reduc’d  to  its  wonted  denfity. 
And  then  we  obferved,  by  help  of  the  lift  of  paper,  whether  we  had 
included  more  or  lefs  than  an  inch  of  air,  and  in  either  cafe,  we  redlified 


* “ The  open  air,  in  which  we  breathe,” 
fays  Sir  Ifaac  Newton , “is  8 or  900  times 
•*  lighter  than  water,  and  by  confequence 
8 or  900  times  rarer.  And  iince  the  air 
« is  comprefled  by  the  weight  of  the  in- 
“ cumbent  atmofphere,  and  the  denfity  of 
“ the  air  is  proportionable  to  the  compref- 
« fing  force,  it  follows,  by  computation, 

« that  at  the  height  of  about  feven  Englifh 
“ miles  from  the  earth,  the  air  is  four  times 

Vol.  II.  R 


“ rarer  than  at  the  furface  of  the  earth ; and 
“ at  the  height  of  14  miles  it  is  16  times 
“ rarer  than  at  the  furface  of  the  earth ; and 
“ at  the  height  of  21,  28,  or  35  miles,  it 
“ is  refpedively  64,  256,  or  1024  times  ra- 
**  rer,  or  thereabouts ; and  at  the  height 
“ of  70,  140,  and  210  miles,  it  is  about 
“ i.oooooo,i.oooooo.oooooo,or  1. 000000. 
“ 000000.  000000.”  &c.  Newton*  Optic . 
P*  341*  342*  _ 
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the  error,  by  a fmall  hole  made  with  a heated  pin  in  the  wax,  and  afcer- 
wards  clofed  it  up  again.  5.  Having  thus  included  a juft  inch  of  air, 
we  lifted  up  the  (lender  pipe  by  degrees,  till  the  air  was  dilated  to  an 
inch,  an  inch  and  a half,  two  inches,  &c,  and  obferved,  in  inches  and 
eighths,  the  length  of  the  mercurial  cylinder,  which  at  each  degree  of 
the  air’s  expanfion  was  impelled  above  the  furface  of  the  ftagnant  mercu- 
ry. 6.  The  obfervations  being  ended,  we  prefently  made  the  ’Torricellian 
experiment  with  the  above-mentioned  large  tube,  fix  feet  long,  that  we 
might  know  the  height  of  the  mercurial  cylinder  for  that  particular  day 
and  hour,  which  we  found  to  be  29  inches  and  three  quarters.  7.  Our 
obfervations,  made  after  this  manner,  furnifhed  us  with  the  preceding 
table,  in  which  there  would  not  probably  have  been  found  the  difference 
here  fet  down  betwixt  the  force  of  the  air,  when  expanded  to  double  its 
former  dimenfions,  and  what  that  force  fhould  have  been  precifely,  ac- 
cording to  the  theory,  but  that  the  included  inch  of  air  received  fome  lit- 
tle acceffion  during  the  trial  *,  which  this  difference  caufing  us  to  fufpeft, 
we  found,  by  plunging  the  pipe  again  into  the  quick-filver,  that  the  in- 
cluded air  had  gained  about  half  an  eighth  ; which  we  guefs’d  to  have 
come  from  fome  little  aerial  bubbles  in  the  quick-filver  contained  in 
the  pipe. 

Here  we  find,  that  the  inch  of  air,  when  firft  included,  fuftained  no 
other  preffure  than  from  the  incumbent  air,  and  was  no  more  compreffed 
than  the  reft  of  the  air  we  breath’d  and  mov’d  in  ; that  this  inch  of  air, 
when  expanded  to  twice  its  former  dimenfions,  was  able,  with  the  help 
of  a mercurial  cylinder  of  about  15  inches,  to  counts rpoife  the  weight 
of  the  atmofphere  •,  and  that  this  was  impelled  up  into  the  pipe  by  the 
external  air  gravitating  upon  the  ftagnant  mercury,  which  alfo  fuftained 
above  28  inches  of  mercury,  when  the  internal  air  had  its  fpring  too  far 
weakened  to  make  any  confiderable  refiftance  •,  from  whence  it  is  plain, 
that  the  free  air  here  below  is  almoft  as  ftrongly  comprefied  by  the  weight 
of  the  incumbent  atmofphere,  as  it  would  be  by  the  weight  of  a mercurial 
cylinder  28  or  30  inches  high  j and  confequently  is  not  in  fuch  a ftate  of 
laxity  as  men  ufually  imagine  *,  but  a£ts  like  fome  mechanical  agent, 
with  a force  decreafing,  in  a ftri&er  proportion  to  its  increafe  of  di- 
menfion,  than  has  been  hitherto  taken  notice  of. 

And  hence  at  length  we  fee,  that  our  author’s  hypothefis  is  unneceffary 
to  folve  the  phenomena  in  difpute  ; which  is  no  fmall  acquifition,  fince 
the  two  principal  things  that  induced  him  to  reject  our  hypothefis,  are, 
nature’s  abhorrence  of  a vacuum  ; and  that,  tho’  the  air  have  fome  weight 
and  fpring,  yet  thefe  are  inefficient  to  make  out  the  known  phenomena  ; 
for  which  we  muft  therefore  have  recourfe  to  his  Funiculus.  But  he  has 
not  difproved  a vacuum,  yet  we  have  manifefted,  that  the  fpring  of  the 
air  may  perform  greater  things,  than  what  our  explanation  of  the  Torri- 
cellian experiments,  and  thefe  of  our  engine,  require. 

We  come  now  to  the  Jaft  part  of  our  defence,  wherein  we  are  to  confi- 
der  what  our  author  obje&s  to  fome  particular  experiments. 


Againft 
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Againft  our  firft  experiment  he  objects  nothing,  but  that,  by  applying  Pneumatics 
the  finger  to  the  orifice  of  the  valve,  when  the  pump  is  freed  from  air,  the 
fucker  will  not  appear  to  be  thruft  inward  by  the  external  air,  but  as  the  pZumatUal 
finger,  to  be  drawn  inwards,  by  the  internal.  But  this  phenomenon  has  experiments 
been  formerly  accounted  for  upon  our  hypothefis.  defended . 

Of  our  third  experiment  he  fays,  that  44  it  very  well  agrees  with  his 
44  principles  ; for  fince  by  this  deprefiion  of  the  fucker,  the  air  in  the  ca- 
44  vity  of  the  cylinder,  is  feparated  from  the  cylinder,  and  defeends,  to- 
44  gether  with  the  fucker,  in  that  whole  deprefiion,  new  furfaces  are  ta- 
44  ken  from  that  defeending  air,  and  ftretched  out,  as  in  the  cafe  of  de- 
44  feending  water.  Since  therefore  fuch  furfaces  are  as  eafily  flipt  off,  and 
44  extended  at  the  end  of  the  deprefiion  as  at  the  beginning,  it  is  no 
44  wonder  there  fhould  be  the  fame  difficulty  of  depreffing  in  both  ca- 
44  fes.”  By  which  he  feems  to  intend  an  oppofition  to  a part  of  the 
third  experiment,  which  I oppofed  not  againft  his  opinion  ; yet  he  offers 
nothing  at  all  to  invalidate  my  inference  ; but  inftead  of  that,  propofes 
a defence  of  his  own  opinion,  which  fuppofes  the  truth  of  his  hypothefis  ; 
and  is  unfatisfadlory,  even  according  to  that,  or  elfe  difagrees  with  what 
himfelf  hath  taught  us  but  a little  before.  For  it  is  evident,  that  the 
more  the  fucker  is  deprefled,  the  more  the  cylinder  is  exhaufted  of  air. 

And  fpeaking  of  the  air  in  the  receiver,  he  affirms,  that  44  it  is  the 
44  more  extended  and  rarified,  the  more  is  drawn  out  *,  and  therefore 
44  acquires  the  greater  force  to  contract  itfelf.”  Tho*  here  he  would 
have  us  believe,  that  the  little  internal  air  in  the  cavity  of  the  fhank 
of  the  ftop-cock,  as  ftrongly  attracts  the  fucker,  or  refills  its  depref* 
fure,  when  the  fucker  is  near  the  top  of  the  cylinder,  as  when  being 
forced  down  to  the  lower  part  thereof,  the  fame  portion  of  remain- 
ing air  muft  be  exceedingly  more  diftended. 

To  the  fourth  experiment  our  author  objedls  nothing,  but  endeavours 
to  explain  it  his  own  way,  whereto  he  fays  this  circumftance  excellently 
agrees,  that  upon  the  return  of  the  external  air  into  the  receiver,  the  tu- 
mid bladder  immediately  ftirinks  *,  becaufe  the  air  in  the  receiver,  which 
drew  the  fides  of  the  bladder  outward,  from  the  middle  of  it,  is  hereby 
relaxed  •,  which  explication,  whether  it  be  more  natural  than  ours,  let  any 
one  judge,  who  has  confider’d  what  we  have  alledg’d  againft  the  Funiculus . 

To  the  breaking  a glafs  receiver,  not  of  a globular  figure,  by  exhauft- 
ing  moft  of  the  internal  air, whereby  its  diminifh’d  preffure  became  unable 
to  refill  that  of  the  outward  air,  our  author  confidently  fays,  44  it  feems 
44  incredible,  that  the  moft  foft  air  fhould  fo  vehemently  comprefs  fuch  a 
44  glafs,  on  all  fides,  as  to  break  it.”  As  if  it  were  more  credible,  that 
the  air  within,  fhould  be  able  to  adt  more  powerfully  upon  the  glafs,  than 
that  without,  which  himfelf  confeftes  to  be  a heavy  body  •,  and  which  not 
only  reaches  from  the  furface  of  the  earth,  to  the  top  of  the  higheft  moun- 
tains, but  may,  for  ought  we  know  to  the  contrary,  be  heaped  upon  the 
receiver,  to  the  height  of  fome  hundreds  of  miles. 
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Pneumatics  After  a recital  of  the  ninth  experiment,  he  propofes  his  objection  to  it 
thus.  “ But  this  feems  far  removed  from  truth,  becaufe,  if  the  prefiure 
<c  of  the  air,  which  defcends  by  that  tube  into  the  vial,  be  fo  great  as  to 
<c  break  the  vial  itfelf,  it  fhould  certainly  firft  very  much  move  the  water, 
Ci  in  which  the  tube  is  immerfed,  excite  bubbles  in  it,  &c.  yet  it  is  certain, 
<c  that  the  water,  before  the  vial  breaks,  doth  not  move  at  all.”  But  for 
all  this,  I think  our  explanation  true  \ for  we  put  the  water  into  the  vial 
that  was  broken,  upon  a particular  defign  *,  and  in  the  fecond  trial,  the 
water  was  omitted.  But  notwithftanding  this  water,  the  Tides  of  the  glafs 
being  expofed  to  the  prefiure  of  the  atmofphere,  wholly  fuftained  it,  be- 
fore the  exhauftion  of  the  receiver  *,  fo  that  there  needed  no  fuch  blowing 
in  of  the  air  afrefh,  as  our  author  imagines,  to  break  the  vial ; it  being 
fufficient  for  that  purpofe,  that  the  prefiure  againft  the  convex  fuperficies 
of  it,  was  taken  off,  by  exhaufiing  the  receiver  *,  the  prefiure  againft  the 
concave  fuperficies,  remaining  as  great  as  ever.  And  therefore  we  need 
not  altogether  deny  what  he  fays,  that  cc  tho’  the  tube  had  been  clofed 
<c  at  the  top,  the  vial  would  ftill  have  broke.”  For  fince,  in  fuch  cafes, 
the  air  is  ftiut  up,  with  the  whole  prefiure  of  the  atmofphere  upon  it, 
this  may  almoft  as  eafily  break  the  glafs,  as  if  it  were  unftopt  i and 
accordingly  we  mention  the  breaking  of  a thin  glafs,  hermetically  fealed, 
upon  the  extra£lion  of  the  ambient  air.  But  as  confidently  as  our  au- 
thor fpeaks,  fuch  thin  vials  are  fubje<5t,  upon  withdrawing  the  ambient 
air,  to  ftretch  a little  *,  whereby  the  fpring  of  the  included  air,  may,  in 
fome  cafes,  be  fo  far  weakened,  as  not  to  be  able  to  break  them,  un- 
lefs  affifted  by  the  prefiure  of  the  atmofphere  ; and  when  the  vial  actually 
begins  to  break,  the  enfuing  prefiure  of  the  outward  air,  upon  that 
within  the  vial,  may  help  to  throw  the  parts  of  the  glafs  more  forci- 
bly afunder. 

The  author  having  recited  our  conje£lure,  as  to  the  reafon  why  two 
■flat  fmooth  marbles  ftick  fo  clofely  together,  approves  my  way  of  exa- 
mining that  conje&ure.  But  I fay,  tho*  the  marbles  were  kept  together, 
by  the  prefiure  of  the  ambient  air,  yet  they  did  not  fall  afunder  in  our  ex- 
•haufted  receiver,  becaufe  of  fome  fmall  leak  in  the  receiver  •,  yet  he  tells 
-us,  with  his  ufual  confidence,  that  this  very  experiment  fufficiently  fhews, 
that  opinion  falfe.  But  pofiibly  he  would  have  lpoken  lefs  refolutely,  it 
be  had  made  all  the  trials,  about  the  adhefion  of  marbles,  that  I have.  For 
•he  fpeaks,  as  if  all  that  we  afcribe  to  the  air,  in  fuch  experiments,  were 
to  fuftain  the  lower  marble,  with  the  weight  perhaps  of  a few  ounces  ; 
whereas,  if  the  air  be  wholly  kept  from  getting  between  the  ftones,  it  may 
fuftain  a weight  equal  to  that  of  a pillar  of  air,  as  broad  as  the  bafis  of  the 
lower  marble,  and  as  high  as  the  atmofphere  ; or  to  the  weight  of  a co- 
lumn of  quick-filver,  of  the  fame  thicknefs,  and  about  30  inches  long. 
And  therefore,  fince  when  we  had  exhaufted  our  receiver,  as  far  as  we 
could,  there  remained  air  enough  to'  fuftain  in  the  tube,  a cylinder  of 
quick-filver  an  inch  high  ; and  fince  the  broader  the  contiguous  marbles 
.are,  the  greater  weight  fattened  to  the  lowermoft,  may  be  fuftained  by 
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the  refiftance  of  the  air  *,  it  is  no  wonder,  that  the  air  remaining  in  the  ^ 
receiver,  fliould  fupport  the  lowermoft  marble,  whofe  diameter  was  near 
two  inches,  and  a weight  of  four  ounces  ; thofe  two  weights  being  inferior 
to  that  of  a mercurial  cylinder  of  the  fame  diameter,  and  an  inch  in 
length  ; and  tho’  they  were  not,  yet  perhaps  the  receiver  was  lefs  emp- 
tied when  we  made  the  3 1 ft  experiment,  than  when  we  made  the  17th. 
And  it  was  with  the  fame  pair  of  marbles  that,  before  an  illuftrious  alfem- 
bly,  the  uppermoft  drew  up  the  lowermoft,  tho’  clogg’d  with  a weight 
of  above  430  ounces. 

As  for  the  account  our  author  gives  of  this  phenomenon,  few,  I believe, 
will  acquiefce  in  it ; for,  not  to  infill  upon  the  objection  which  himfeif 
takes  notice  of,  that,  according  to  him,  the  diftended  air  in  the  receiver, 
fhould  draw  the  adhering  marbles  afunder,  his  explanation  fuppofes,  that 
there  cannot  naturally  be  a vacuum  ; whence  he  infers,  that  44  the  ftone 
44  could  not  defcend,  but  by  leaving  fuch  a thin  fubftance  behind  it,  as 
41  happens  in  the  defcent  of  quick-filver,  or  water.”  He  adds,  that  the 
adhefion  in  our  cafe  proves  obftinate,  becaufe  fuch  a fubftance  is  far  more 
difficult  to  be  feparated  from  marble,  than  from  quick-filver,  or  any  other 
kind  of  body  ; but  this  aflfertion  is  precarious.  And  tho’  I have  made  nu- 
merous experiments  with  ftones  of  feveral  fizes,  yet  I could  never  find  that 
by  their  cohefion,  they  would  fuftain  a weight  greater  than  that  of  a pillar 
of  the  atmofphere,  that  prelfed  againft  the  loweft  ; which  is  a confidera- 
ble  circumftance,  that  much  better  agrees  with  our  explanation  than  with 
his. 

Of  the  fudden  extin&ion  of  animals  included  in  our  receiver,  which  I 
afcribe  to  the  exceffive  thinnefs  of  the  air  therein,  he  fays,  44  it  feems  im- 
44  poffible  they  ffiould  die  fo  foon,  merely  thro*  want  of  a thick  air  i’* 
but  gives  no  other  reafon,  than  the  fuddennefs  of  the  effect ; which  too 
feems  grounded  upon  a miftake  *,  for  the  creatures  he  mentions,  were  a 
bee,  a fly,  and  a caterpillar  ; and  thofe  included  in  a fmall  receiver,  which 
could  be  fuddenly  exhaufted  *,  and  thefe  indeed  became  movelefs  within 
a minute.  And  tho’  thefe  infedts  did  in  fo  ffiort  a time  grow  movelefs, 
yet  they  were  not  fo  foon  kill’d,  as  appears  by  the  narrative.  The  fan- 
guineous  animals,  that  did  indeed  die,  were  kill’d  more  (lowly.  And  ha- 
ving purpofely  enquired  of  a diver,  how  long  he  could,  before  he  was 
accuftomed  to  dive,  remain  without  breathing,  or  the  ufe  of  a fpunge  ; 
he  told  me,  that  at  firft  he  could  hold  out  about  two  or  three  minutes 
at  a time ; which  made  me  think,  that  divers  become  able  to  conti- 
nue under  water  fo  long,  either  by  a peculiar  conftitution  of  body,  or 
a gradual  exercife.  And  I am  apt  to  think , that,  as  it  is  ufual,  he 
hereby  meant  a much  ffiorter  time  than , when  exactly  meafured,  it 
amounts  to.  For  having  made  trial  upon  two  live  moles,  one  of  them 
included  in  a fmall  receiver , was  between  two  and  three  minutes  in 
killing  *,  whereas  the  other  being  detained  under  water,  did  not  there 
continue  full  a minute  and  a quarter,  before  it  finally  ceafed  from  gi- 
ving any  fign  of  life.  Hence  it  is  not  impoffible5  that  the  want  of 

refpiration 
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j>MEUMATicsrefpiration  iliould  difpatch  an  animal  in  as  little  time  as  is  mentioned 
in  the  experiment.  And  indeed,  our  author  fhouid  either  have  proved 
it  impofiible,  for  the  want  of  air  to  deftroy  animals  fo  foon ; or  have 
o-iven  us  fome  better  account  of  the  phenomenon. 

It  were  a needlefs  talk  to  examine  any  more  of  our  author’s  obje- 
ctions to  particular  experiments,  fince  they  wholly  proceed  upon  the 
fuppofition  of  his  Funiculus  •,  which  has  been  fufficiently  proved  a chi- 
mera *,  whereas  the  fpring,  as  well  as  the  weight  of  the  air,  is  not  only 
allowed  by  himfelf,  but  demonftrable  by  experiments  uncontroverted 
betwixt  us. 


Mr.  HOBBS’s 
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Mr.  HO  B B S s 

Phyfical  Dialogue, 

ABOUT  THE 

Nature  of  the  AIR, 

EXAMIN’D, 

With  relation  to  the  Phyfico-mechanical  Experiments 
of  the  Spring  and  Effedts  of  the  AIR. 


MR.  Hobbs , in  difputing  againft  me,  feems  generally  to  have  mif- 
apprehended  my  notion  of  the  air.  For  when  I fay  the  air  has 
gravity,  and  an  elaftic  power  ; or,  that  the  air  is,  in  great  part, 
pump’d  out  of  the  receiver ; it  is  plain  that  I take  the  air,  in  the  obvious 
fenfe,  for  part  of  the  atmofphere,  which  we  breathe,  and  wherein  we 
move , nor  do  I find  that  any  other  of  my  readers  underftand  me  other- 
wife.  But  Mr.  Hobbs  thinks  he  has  fufficiently  confuted  me,  if  in  fome 
cafes  he  proves,  that  there  is  a fubtile  fubflance,  or  aether,  in  fome  places, 
which  I take  not  to  be  filled  with  air ; and  that  the  aether  has,  or  wants 
fome  properties,  which  I deny,  6r  afcribe  to  the  air ; but  I do  not  deny 
that  the  atmofphere,  or  fluid  body,  which  furrounds  the  terraqueous 
globe,  may,  befides  the  grofifer,  and  more  folid  corpufcles,  wherewith  it 
abounds,  confift  of  a thinner  matter,  which,  for  diftindion  fake,  I alfo 
agree  to  call  aethereal. 

But  he  does  not,  that  I remember,  deny  the  truth  of  any  of  the  matters 
of  fad:  I have  delivered  nor  attempt  to  prove,  that  the  explanations  I 
have  given  of  my  experiments,  are  contradidory  to  the  dodrine  1 ad- 
vance ; but  rather  rejeds  our  two  grand  hypothefes,the  weight  and  fpring 

of 
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Pneumatics 0f  the  air.  It  will  here  therefore  fuffice  to  prove,  what  he  is  unwil- 
]ing  to  grant. 

And  firft,  that  the  air,  in  my  fenfe  of  the  word,  is  not  deftitute  of 
weight,  we  have  fhewn  by  various  experiments ; one  of  them  is,  that  a 
blown  bladder,  carefully  weigh’d  in  an  exad  pair  of  fcales,  was  found 
manifeftly  heavier  when  full  of  air,  than  when  empty  of  air. 

Secondly,  It  has  alfo  been  obferved,  that  an  aeolipile  being  well  heat- 
ed, and  the  little  orifice  left  at  the  top  of  the  pipe,  being  ftopt  whilft 
it  was  thus  hot ; upon  opening  of  this  hole,  when  the  aeolipile  was  grown 
cold  again,  the  external  air  rufhing  in  at  the  fore-mentioned  orifice,  cau- 
fed  the  asolipile  to  weigh  fo  much  more  than  it  did  juft  before  the  ex- 
ternal air  got  in,  as  amounted  to  near  ioooth  part  of  the  weight  of 
an  equal  bulk  of  water. 

Thirdly,  In  the  Magdeburgic  experiment,  the  great  receiver  they  were 
to  exhauft,  being  weigh’d  both  before  and  after  the  extraction  of  the  air, 
they  found  the  difference  to  be  one  ounce  i4,  “ which,”  fays  the  learned 
Schottus,  44  is  a very  clear  demonftration  of  the  gravity  of  the  air.” 

Fourthly,  We  have  weigh’d  the  air  fhut  up  in  bodies,  in  ou;  exhauft- 
ed  receiver,  wherein  of  two  materials,  different  in  nature,  ,i  blow(  blad- 
der, and  a glafs  bubble,  each  equi-ponderant  to  a more  folid  weight,  be- 
fore the  air  was  pumped  out,  we  found  that  which  included  a large  quan- 
tity manifeftly  to  preponderate  after  the  exhauft  ion.  To  thefe  we  might 
add  other  proofs  to  the  fame  purpofe  *,  but  thefe  afford  filch  a variety  of 
cafes,  that  it  would  be  fuperfluous. 

Let  us  now  fee  what  Mr.  Hobbs  objeCIs  againft  the  experiment  of  the 
bladder  weighed  in  the  exhaufted  receiver  ; for  he  quarrels  not  with  the 
reft.  44  That  the  fcale  which  contains  the  bladder,  is  more  depreffed  than 
44  the  other,  they  may  be  certain  by  fight;  but  that  this  proceeds  from 
44  the  natural  gravity  of  the  air,  they  cannot  be  certain,  efpecially  if  they 
44  know  not  the  efficient  caufe  of  gravity.”  But  can  we  not  be  fure,  that 
Jead  is,  in  fpecie , heavier  than  cork,  unlefs  we  know  the  efficient  caufe  of 
gravity  ? The  reafon  he  gives  why  the  bladder  outweighs,  is  this : “That 
“ the  bladder,  whether  blown  up  with  a pair  of  bellows,  or  with  human 
44  breath,  is  heavier  than  when  flaccid,  I will  not  deny,  becaufe  of  the 
44  greater  quantity  of  atoms,  or  of  fuliginous  corpufcles  ; but  there  is 
“ nothing  certain  in  this  experiment.  They  ought  to  have  put  into  the 
46  fcales  two  veflels  of  equal  weight,  whereof  one  fhould  be  fhut,  and  the 
“ other  open  ; for  thus  air,  not  blown  in,  but  barely  inclofed,  had  been 
“ weighed  ; when  therefore  air  fhall  be  fo  weighed,  we  will  afterwards 
44  confider  what  may  be  faid  to  the  phenomenon.”  The  firft  part  of  this 
paflage  does  not  deny  the  gravity  of  that  we  call  air,  but  only  endeavours 
to  fhew  what  parts  they  are  that  make  it  heavy.  And  as  to  the  fecond,  he 
feems  to  miftake  the  prefent  cafe  ; for  there  is  no  need  that  the  air  in  the 
bladder,  before  the  exhauftion  of  the  receiver,  fhould  be  heavier  than  the 
outward  air.  Wherefore  when  he  fubjoins,  that  from  this  experiment  we 
can  deduce  nothing  certain,  the  affirmation  is  precarious.  And  Mr.  Hobbs 

might 
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might  eafily  have  perceived,  that  we  did  make  a trial  much  of  the  famePN*UMAT,c« 
nature  with  that  he  defires  ; for  we  weigh’d  the  air  in  a glafs,  hermetical- 
ly  fealed,  wherein  it  was  not  blown  in,  but  barely  included.  And  fince, 
in  his  elements  of  philofophy,  he  grants,  and  gives  his  reafon  for  it,  that 
“ if  air  be  blown  into  a hollow  cylinder,  or  into  a bladder,  it  will  increafe 
<c  the  weight  of  either  of  them  a little  and  fince  here  he  likewife  con- 
feffes,  that  there  are  mixed  with  the  aether,  many  aqueous  and  earthy  par- 
ticles ; he  confeffes,  that  the  air  is  not  deftitute  of  weight  •,  and  it  con- 
cerns us  no  more  than  himfelf,  to  fhew  how  the  corpufcles,  upon  whofe 
account  the  air  is  heavy,  make  it  fo. 

This  is  all  which  Mr.  Hobbs , in  feveral  places,  thinks  fit  to  objedt  a- 
gainft  the  gravity  of  the  air  *,  leaving  the  experiment  of  the  aeolipile,  and 
home  others, unanfwer’d  *,  which  alone  prove  the  air  has  a manifeft  weight, 
even  when  uncomprefs’d,  and  in  its  laxity.  Let  us  now  examine  whether 
the  air  has  not  alfo  a fpring.  This,  tho’  he  calls  it  (as  he  likewife  does  the 
weight  of  the  air)  a dream,  yet  himfelf  in  effedt  grants  all  that  is  requifite 
to  prove  the  fpring  of  the  air.  For  delivering  that  known  experiment, 
wherein  the  air  is  compreffed  in  a glafs  bottle,  by  the  forcible  injedtion  of  ^ 
water,  which,  when  the  glafs  is  unftopt,  the  air  again  throws  out,  in  re-  lg' 
covering  its  former  dimenfions ; he  fays,  that  “the  air,  with  which  the 
ct  fpherical  glafs  was  filled,  being  moved  by  earthy  corpufcles,  in  a fim- 
ple,  circular  motion  *,  and  being  compreffed  by  the  force  of  the  inje- 
ction, that  of  it,  which  is  pure,  gets  out  into  the  open  air,  and  gives 
place  to  the  water.  It  follows,  that  thefe  earthy  corpufcles  have  lefs 
fpace  left,  wherein  to  exercife  their  natural  motion  ; therefore  beating 
one  upon  another,  they  force  the  water  to  fly  out,  when  the  external  air 
<c  penetrates  it,  and  fuccefilvely  takes  up  the  place  of  the  evacuated  air, 

“ till  the  corpufcles  of  the  fame  quantity  of  air  being  reftored,  regain  a 
“ liberty  natural  to  their  motion.”  But  to  pafs  by  feveral  other  of  his 
conceffions  to  this  purpofe,  we  can  prove  the  fpring  of  the  air  by  many 
phenomena  of  our  engine,  of  which  he  offers  no  other  explanation. 

If  the  Torricellian  experiment  be  made  in  a tube,  between  two  feet  and 
a half,  and  3 feet  in  length  ; and  if,  when  the  mercury  refts  at  its  wonted 
ftation,  you  dextroufly  flop  the  orifice  of  the  tube  with  your  finger,  that 
orifice  being  raifed  as  near  the  furface  of  the  ftagnant  mercury  as  poffible, 
without  admitting  the  external  air ; if  then  you  quite  lift  up  the  tube, 
thus  ftopt,  into  the  free  air,  you  fhall  feel  upon  your  finger  little  or  no 
preffure  from  the  weight  of  the  mercurial  cylinder,  diftindt  from  the 
weight  of  the  tube ; becaufe  the  gravity  of  the  quick*  filver  is  balanced  by 
that  of  the  outward  air,  which  thrufts  your  finger  againft  it ; but  if  you 
invert  the  tube,  and  having  let  in  the  air  at  the  orifice,  flop  it  again  with 
your  finger,  and  again  let  the  mercurial  cylinder  reft  upon  that  finger,  you 
will  find  your  finger  ftrongly  prefs’d,  and  ready  to  be  thrufl  away  ; which 
new  preffure,  fince  it  cannot  come  from  the  mercury,  nor  from  the  weight 
of  the  admitted  air,  to  what  can  we  rationally  afcribe  it,  but  to  the  fpring 
of  the  included  air  ? And  the  force  hereof  will  be  as  well  manifeft  to  the 
Y o l.  II.  S f f f eye. 
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eye’  aS  ^ie  fing€r’  if the  tube  unflopt  under  the  furface  of  the  ftagnant 
mercury  ; for  then  that  in  the  glafs  will  not  reft,  as  before,  at  the  ufual 
ftation,  but  be  deprefifed  far  beneath  it.  And  if  you  make  the  Torricellian 
experiment  in  a Ihort  open  tube,  ftopt  above  and  below  with  your  fingers, 
upon  unftopping  the  upper  orifice,  a new  and  forcible  preflure  will  be  felc 
upon  the  finger  that  ftops  the  lower  orifice,  made  by  the  gravitation  of  the 
external  air,  which  was  before  kept  from  refting  upon  the  mercurial  cy- 
linder by  the  upper  finger,  the  pulp  of  which,  by  that  gravitating  air, 
was  before  thruft  into  the  deferted  cavity  of  the  tube  ; which  demon- 
ftrates  both  the  fpring  of  the  air,  and  the  gravity  of  the  atmofphere. 

But  to  the  experiment  of  the  fwelling  and  fhrinking  of  a bladder,  hung 
in  our  receiver,  as  the  ambient  air  is  withdrawn,  and  fuffered  to  return  ; 
Mr.  Hobbs  replies,  “ that  every  fkin  is  made  up  of  fmall  threads,  or  fila- 
“ ments,  which,  by  reafon  of  their  figures,  cannot  exa&ly  touch  in  ail 
“ points.  The  bladder  therefore  being  a fkin,  muft  be  pervious,  not 
“ only  to  air,  but  to  water  alfo  ; whence  there  is  the  fame  comprefiure 
“ within  the  bladder  as  without.  The  endeavour  of  which  (the  way  of  its 
<c  motions  being  every  way  crofs)  tends  to  the  concave  fuperficies  of  the 
“ bladder  *,  wherefore  it  muft  of  necelfity  fwell  every  way,  and  the  vehe- 
“ mency  of  the  endeavour  increafing,  beat  laft  torn.”  But  if  this  be  a 
fufficient  anfwer  to  fuch  an  experiment,  I fear  it  will  be  harder  than  we 
are  yet  aware  of,  to  prove  any  thing  by  experiments.  For  firft,  how 
improbable  is  it,  that  fuch  bladders  as  we  ufed,  are  readily  pervious  to 
the  air  * when  eafy  experience  fhews  us,  that  by  leifurely  comprelfing 
fuch  blown  bladders  betwixt  our  hands,  we  fhall  rather  break  them,  than 
fqueeze  out  the  air  at  their  pores?  So  that  the  reft  of  his  anfwer  being 
built  upon  what  is  fo  repugnant  to  common  experience,  will  not  need  a 
particular  confutation  ; however,  we  fhew,  that  by  the  exhauftion  of  the 
air,  even  a glafs,  hermetically  fealed,  was  broke  ; and  to  fay,  that  glafs 
alfo  is  pervious  to  the  air, were  to  affirm  what  the  greateft  part  of  his  book 
fuppofes  to  be  falfe.  Befides,  there  is  not  any  fenfible  and  unqueftionable 
phenomenon,  to  prove  that  the  receiver  is  full  of  any  fuch  air  as  he  fpeaks 
of;  for  we  fee  plainly,  that  when  the  air  manifeftly  gets  into  the  receiver, 
the  bladder  is  not  thereby  made  to  fwell,  but  to  (brink.  Moreover,  ac- 
cording to  Mr.  Hobbs , the  bladder  is  pervious  to  the  air  *,  and  the  air 
within  the  receiver  is  univerfally  comprefied,  as  well  that  which  is  within 
the  bladder,as  that  which  is  without  it  *,  how  then  comes  the  air,  that  bears 
againft  the  convex  furface  of  the  bladder,  not  to  refill  that  which  is  conti- 
guous to  the  concave  fuperficies  of  the  lame  *,  at  leaft,how  comes  the  blad- 
der to  be  broken  by  the  air,  which,  according  to  Mr.  Hobbs , can  get  in 
apd  out  at  pleafure  ? And  laftly,  to  Ibew,  that  to  the  fwelling  of  the  blad- 
der, there  needs  nothing  but  the  fpring  of  the  included  air  ; and  no  fuch 
vehement  agitation  of  the  ambient  air,  as  he  fuppofes  in  our  engine  *, 
it  appears  by  the  experiment  of  M.  Pafchal , that  in  the  free  and  ordina- 
ry air,  a foot-ball,  half  blown,  will  gradually  fwell,  the  nearer  it  is  carri- 
ed 
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ed  to  the  top  of  an  high  mountain,  where  the  incumbent  cylinder  of  the 
atmofphere  is  (horter,  and  its  weight  the  lefs  ; and  will  for  the  contrary 
reafon,  grow  more  flaccid,  the  nearer  it  approaches  to  the  foot  of  the  moun- 
tain. 

Mr.  Hobbs  attempts  to  explain  the  phenomena  of  our  engine,  by  fup- 
pofing,  that 4 * many  earthy  particles  are  inter fpers’d  with  the  air,  which 
“ have  a fimple,  circular  motion,congenite  to  their  nature  *,  and  that  there 
“ is  a greater  quantity  of  thefe  particles  in  the  air,  near  the  earth,  than 
“ remote  from  it.”  But  this  affumption,  tome,  feemsvery  precarious  i 
for  I know  no  unqueftionable  example  or  experiment,  whereby  it  can 
be  made  out,  that  any  fmall  parcel  of  matter  has  fuch  a fimple,  circular 
motion,  as  he  afcribes  to  each  of  thefe  innumerable  earthy,  and  as  he 
adds,  aqueous  particles.  The  only  argument  he  here  brings  to  prove, 
that  each  atom  would  have  this  motion,  if  all  the  reft  of  the  earth  were 
annihilated,  does  not  feem  clear  tome.  For  it  is  not  always  true,  that 
each  minute  part  of  a homogeneous  body,  has,  in  every  refped,  the  fame 
qualites  with  the  whole  ; as  the  roundnefs  which  a fmall  drop  of  water, 
or  quick- filver,  is  oblerved  to  have  upon  a dry  plain,  is  not  to  be  met  with 
in  a large  portion  of  either  of  thefe  fluids,  the’  plac’d  upon  the  fame  plain. 
And  Mr.  Hobbs,  as  well  as  we,  makes  the  terreftrial  atoms  in  the  air  to 
have  gravity  *,  a quality  that  does  not  properly  belong  to  the  whole  globe 
of  the  earth:  nor  is  it  manifeft  why,  becaufe  the  terreftrial  globe  moves 
in  a vaft  circle  about  the  fun, each  particular  atom  of  it  muftdeferibe  a fmall 
circle  in  the  air,  about  1 know  not  what  center.  And  tho*  he  afferts,  that 
the  air,  near  the  earth,  abounds  with  fuch  terreftrial  corpufcles,  ’tis  not 
likely  they  fhould  have  fuch  a regular  motion,  as  he  attributes  to  them  ; 
but  ftriking  againft  one  another,  they  muft,  in  probability,  be  put  into 
almoft  as  various,  and  confufed  a motion,  as  Des  Cartes  afcribes  to  his 
terreftrial  particles,  fwimming  in  the  atmofphere. 

Mr.  Hobbs  farther  endeavours  to  prove,  that  by  the  exhauftion  of  our 
cylinder,  no  vacuum  is  produc’d  *,  and  gives  a very  different  account  of  the 
experiment  itfelf : he  Fays,  that  “ while  the  fucker  is  drawn  back,  the  more 
“ fpace  is  left  within,  the  lefs  is  left  to  the  external  air  ; which  being 
tc  thruft  backwards,  by  the  motion  of  the  fucker,  towards  the  outer- 
<c  moft  parts,  moves,  in  like  manner,  the  contiguous  air*,  and  that  the 
“ next  *,  and  fo  forwards  : fo  that  of  neceflity,  at  laft,  the  air  muft  be 
<c  compell’d  into  the  fpace  deferted  by  the  fucker,  and  enter  between  the 
<c  convex  fur  face  of  the  fucker,  and  the  concave  of  the  cylinder.  For, 
ci  the  parts  of  the  air  being  infinitely  fubtile,  muft  infinuate  themfelves 
<c  that  way  by  which  the  fucker  is  drawn  down  ; fince  the  contadl  of 
<c  thofe  furfaces  cannot  be  perfect  in  all  points,  becaufe  the  furfaces  them- 

felves  cannot  be  made  infinitely  fmooth  : and  then  that  force,  which  is 
6C  applied  to  draw  back  the  fucker,  in  fome  meafure  diftends  the  cavity  of 
“ the  cylinder  j and  if,  betwixt  the  two  furfaces,  one  fingle  hard  atom 
4C  fhould  enter,  pure  air  will  enter  by  the  fame  way,  tho’  with  a fmall 
“ force.  And  thus  air,  for  the  fame  reafon,  infinuates  itfelf  through 
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pneumatics^  the  valve  of  the  cylinder  •,  and,  therefore,  the  retra&ion  of  the  fucker 
cc  wjiJ  not  prove  a vacuum.  It  follows,  alfo,  that  the  air,  which  is  dri- 
<c  ven  up  into  the  fpace  deferted  by  the  fucker,  becaufe  it  is  forcibly  im- 
“ pell’d,  has  a very  fwift  and  circular  motion,  betwixt  the  top  and  the 
iC  bottom  of  the  cylinder  ; becaufe  there  is  nothing  there  to  weaken  its 
4<  motion  *,  and  nothing  can  give  motion  to  itfelf,  or  diminifti  it.”  But, 
many  exceptions  may  be  made  to  this  reafoning.  And  firft,  I know  not 
why  Mr.  Hobbs  fhould  here  confine  his  difcourfe  to  the  pump,  without 
taking  notice  of  the  glafs  itisdefign’d  to  evacuate.  We  will,  therefore, 
confider  how  we  can  account  for  the  exhauftion  of  the  receiver,  as  well  as 
of  the  cylinder,  fince  we  ufually  employ  them  both  together.  And  he  be- 
ing obliged  to  explain  the  exhauftion  of  the  one  as  well  as  the  other,  it 
will  be  convenient  to  take  into  confideration  the  receiver,  becaufe  that  be- 
ing of  glafs,  and  tranfparent,  we  can  better  fee  what  happens  in  it,  than 
in  the  opake  cylinder.  This  premis’d,  I do  not  clearly  perceive,  by  this  ex- 
planation, how  he  avoids  a vacuum  ; for  according  to  his  firft  words,  the 
external  air  is  difplac’d  by  the  motion  of  the  fucker  outward,  and  this 
difplac’d  air  muft  move  that  which  is  next  to  it  ; and  that  the  next, 
and  fo  onward,  till  at  length,  the  air  muft  be  compell’d  into  the  fpace 
deferted  by  the  fucker:  fo  that  till  this  returning  air  get  in  betwixt  the 
fucker  and  the  cylinder,  how  appears  it,  from  this  difcourfe,  that  the  de- 
ferted fpace  was  not  empty  for  fome  little  time  ? Certainly  all  thefe  mo- 
tions of  the  air,  forward  and  backward,  could  not  be  perform’d  in  an 
inftant ; as  may  appear  by  the  motion  of  founds  and  echoes,  whofe  velo- 
city is  reducible  to  meafure.  Secondly,  tho*  he  takes  his  advcrfaries  to  be 
vacuifts,  yetheherefuppofes  the  plenitude  of  the  world.  I wifh,  thirdly, 
that  Mr.  Hobbs  had  declar’d,  from  whence  the  return  of  the  air’s  impulfe 
would  begin;  for  that  may  well  be  required  from  one,  who  making  the 
world  full,  and,  for  ought  appears,  fluid,  allows  us  to  believe  it  infinite,  if 
the  magiftrate  fhall  enjoin  us  that  belief.  Fourthly,  I demand,  whatne- 
cefiity  there  is  for  fo  forcible  a return  of  the  impulfe,  as  is  requifite  to 
thruft  in  the  air  at  fo  narrow  a pafifage  as  that  between  the  fucker  and  cy- 
linder? For,  why  may  not  that  impulfe,  whendiffiufed  in  the  vaft  ambient 
medium,  be  fo  communicated,  and  blended  among  the  different  motions 
of  the  other  parts  of  it,  as  not  to  return  again  from  whence  it  begun  ? 
As  a voice,  tho’ ftrong,  will  not  move  the  air,  beyond  a certain  diftance-, 
fmartly  enough  to  be  reflefted  in  an  echo,  to  the  fpeaker  ; and  as  a ftone 
caft  into  a lake,  will  have  the  waves,  it  makes,  diverted  from  returning 
to  the  place  they  began  at.  Fifthly,  I do  not  likewifefee,  that ’tis  pro- 
bable, what  Mr.  Hobbs  affirms  of  fo  thick  a cylinder  as  ours,  that  it  fhould 
be  diftended  by  depreffing  the  fucker.  But  this  I infift  not  on  ; the  prin- 
cipal thing,  peculiar  in  Mr.  Hobbs’s  explanation,  is,  that  as  much  air  as  is 
driven  away  by  the  fucker,  prefently  gets  in  again,  betwixt  that  and  the 
cylinder.  But,  by  the  air  thus  fuppos’d  to  get  in,  he  either  means  in  the 
ufual  fenfe,  and  in  ours,  the  common  air,  fuch  as  we  live  and  breathe  in  ; 
or,  he  does  not. 
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Ifhefpeaksof  fuch  air,  I can  plainly  prove,  by  leveral  experiments,  Pn!BMAT,c* 
that  our  engine  is,  in  great  part,  deftitute  of  it.  For,  firft,  if  there  be  a 
contrivance  made,  whereby  the  whole  pump  may  be  covered  with  water, 
we  may,  as  we  have  try’d,  plainly  fee  the  air  that  is  drawn  out  of  the  re- 
ceiver, at  each  reciprocation  of  the  fucker,  pafs  in  great  bubbles  out  of 
the  valve  thro*  the  water. 

Next,  it  appears  by  the  Magdeburgic  experiment,  that,  by  reafon  of  the 
recefs  of  the  air,  the  globe  of  glafs,  whence  it  went  out,  was  dimin idl’d 
in  weight,  above  an  ounce.  Thirdly,  the  fame  truth  may  be  prov’d  by 
the  experiments  formerly  mention’d,  of  the  fwelling  of  the  bladder,  and 
the  breaking  of  an  hermetically  feal’d  glafs,  upon  the  recefs  of  the  am- 
bient air  ; thefe  experiments  having  been  already  vindicated  from  Mr. 

Hobbs's  very  improbable  folutions.  Fourthly,  the  fame  may  be  prov’d  by 
the  breaking  of  weak,  or  ill-figur’d  receivers,  inwards  •,  of  which,  on  our 
hypothefis,  the  reafon  is  clear  ; but  not  on  his.  And,  fifthly,  what  I con- 
tend for,  may  be  fufEciently  proved  from  this  one  phenomenon  *,  that  tho*, 
if  the  receiver  being  full  of  common  air,  the  key  be  turn’d  under  water, 
the  water  will  not  at  all  afcend  to  the  open  orifice  *,  yet  the  like  being 
done,  after  the  exhauftion  of  the  receiver,  we  have  had  feveral  gallons  of 
water  violently  imped’d  into  the  cavity  of  the  glafs:  which  could  not  hap- 
pen, if  it  were  full -of  air,  both  in  regard  there  can  be  no  probable  caufe 
aflign’d  why  the  water  flaould  be  thus  fpurted  up  ; and  becaufe  the  recei- 
ver being  already  full  of  air,  either  two  bodies  muft  be  contain’d  in  one 
place,  and  fo  we  muft  allow  penetration  of  dimenfions ; or  elfe  common  air, 
to  which  glafs  is  impervious,  muft  pafs  thro’  the  water  *,  which,  we  con- 
clude, it  does  not,  becaufe  no  fuch  bubbles  are  made  in  the  external  wa- 
ter, as  would  appear,  if  common  air  pafs’d  thro*  it.  Nay,  fo  little  of  this 
commonair  was,  fometimes,  left  in  the  globe  ufed  at  Magdeburgfdmx.  when 
the  water  was  fuffer’d  to  rufh  in,  it  reduced  the  air  into  lefs  than  the 
thoufandth  part  of  the  capacity  of  the  globe  *,  and  even  if  our  receiver  be 
unftopped,  not  under  water,  but  in  the  open  air,  the  ambient  air  will, 
violently,  prefs  in,  with  a great  noife,  durable  enough  to  argue,  that  the 
glafs  was  far  from  being  full  of  fuch  air  before. 

And  thus  we  may  argue  againft  Mr.  Hobbs , if  he  would  have  the 
engine,  when  we  call  it  exhaufted,  fill’d  with  common  air  ; as  his  words 
leem  to  intimate.  But  becaufe,  by  fome  other  paftages  of  this  dialogue, 
he  may  be  favourably  thought  to  mean,  that  the  pure  air  is  that  which 
gets  in  by  the  fides  of  the  fucker,  into  the  pump,  and  fo  into  the  recei- 
ver, let  us  confruer  his  explanation  in  this  fenfe  alfo.  I defire  it  may 
be  obferv’d,  that  if  Mr.  Hobbs  takes  the  air  in  this  fecond  fenfe,  he  does 
not  oppofe  what  I have  deliver’d  ; the  air,  I pretend  to  be  pump’d  out 
of  the  receiver,  being  the  common  air,  which  confifts,  in  great  part, 
of  grofier  corpufcles  than  the  asthereal  fubftance.  Yet,  even  this  explana- 
tion will  be  liable  to  the  two  firft  inconveniencies,  lately  obje<5ted  againft 
the  other,  in  favour  of  the  vacuifts  ; and  to  feveral  objejftions  befides.  I 
obfeive  again,  that  tho’  the  pump  be  kept  all  the  wliile  under  water, 

yet 
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Pkevmatics  yet  the  exhauftion  of  the  cylinder,  and  receiver,  will  proceed  as  well  as 
in  the  open  air.  I demand,  then,  how  the  pure  air  gets  in  by  the  fides  of 
the  fucker,  immers’d  in  water  P I prefume,  for  want  of  a more  plaufible 
anfwer,  Mr,  Hobbs  will  here  fay,  that  the  air  paffes  thro’  the  body  of  the 
water,  to  fill  up  the  deferted  fpace,  that  mufl,  otherwife,  be  void.  But 
then  I appeal  to  any  rational  man,  whether  I am  obliged  to  believe  fo  un- 
likely a thing,  upon  a bare  affirmation  •,  for  he  does  not  fo  much  as  pre- 
tend, by  any  phenomenon,  to  countenance  this  affiertion:  and  there  are 
phenomena  that  make  againft  it.  Many  experiments  ffiew  us*  that  when 
air  paffes  thro*  water,  it  makes  bubbles  there,  which,  in  our  cafe,  do 
not  appear.  Befides,  why  ffiould  not  the  outward  air  rather  impel  the 
water,  as  we  fee  it  frequently  does,  than  be  fuppos’d  to  dive  fo  ftrange- 
ly  and  imperceptibly  thro’  it?  When,  alfo,  the  throughly  exhaufted 
receiver  is  unflopp’d,  under  water,  he,  who  obferves  how  the  water 
ruffies  in  with  a ftream,  as  big  as  the  pafiage  admits,  will  hardly  ima- 
gine, that,  at  the  fame  time,  as  much  air  as  water  can  pafs  thro’  the  fame 
orifice  unperceiv’d.  But,  it  may  be  laid,  in  Mr.  Hobbs's  behalf,  that 
either  his  explanation,  or  a vacuum,  mufl  be  admitted.  To  which  I re- 
ply, firfl,  that  he  has  not  evinced  there  can  be  no  vacuum.  Next,  that 
we  have  made  it  probable,  that,  by  his  explanation,  he  does  not  avoid 
the  neceffity  of  a vacuum.  And,  thirdly,  that  a plenifl,  having  recourfe  to 
Mr.  Hobbs’1  s precarious  diving  of  the  air,  may,  more  probably,  decline  the 
neceffity  of  yielding  a vacuum,  by  faying,  that  the  sether  is,  by  theimpulfe 
of  the  deprefs’d  fucker,  and  the  refiflance  of  the  ambient  bodies,  fqueez’d 
thro’  the  pores  of  the  glafs,  or  cylinder,  into  the  cavity  of  the  veffel,  as 
fall  as  room  is  there  made  for  it.  And,  I confefs,  I wonder  that  Mr. 
Hobbs  ffiould  be  fo  averfe  to  this  way  of  folving  the  obje&ion,  fince  he  lup- 
pofes  the  parts  of  the  air  to  be  infinitely  fubtile  s which,  if  they  are,  no 
pores  can  be  too  narrow  to  admit  them.  But,  to  prefs  this  no  farther,  I 
mufl  here  take  notice,  that  whether  the  cavity  of  the  receiver  berefolved 
to  be  empty,  or  full  of  Mr.  Hobbs’ s aethereal  body,  or  the  Cartefian  cele- 
ftial  matter  *,  the  violent  ruffiing  in  of  the  water,  when  the  veffel  is  unflopt 
under  that  liquor  s with  feveral  other  phenomena,  which  cannot  be  a- 
ferib’d  to  the  fubtile  matter  within  •,  fufficiently  argue,  that  there  is,  in 
the  external  air,  a far  greater  power  of  preffing  inwards,  than  there  is 
within  of  refilling  *,  and  confequently,  fuch  a weight,  or  fpring  in  that 
air,  as  we  plead  for. 

Mr.  Hobbs , too,  will  have  the  air,  imped’d  by  the  fucker,  to  move  very 
fwiftly  betwixt  the  top  and  bottom  of  it  *,  as  alfo,  when  it  gets  into  the  ca- 
vity of  the  receivers  yet,  when  a light  bladder  is  fufpended  in  the  ca- 
vity of  the  receiver,  it  betrays  no  fuch  motion  : nay,  the  flame  of  a ta- 
per was  not  blown  out,  nor  flirr’d  by  thisfuppofed  wind  ; and  fmoke,  pro- 
duced in  the  exhaufted  receiver,  was  nor,  by  this  vehement  motion  of  the 
air,  blown  about  the  receiver.  But,  if  the  common  external  air  be  admit- 
ted at  the  flop-jtock,  that,  indeed,  will  ruffi  in  with  noife  and  violence, 
and  whirl  about  the  bladder,  which  hung  quietly  before. 
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In  explaining  the  Torricellian  experiment,  he  fpends  many  words  toPNEUMAT1c« 
prove,  that  the  place  deferted  by  the  fufpended  mercury  is  full  of  air. 

But  this  expofition  fuppofes  a plenum  : and  if  he  takes  the  air  in  the  com- 
mon fenle  of  the  word,  ’tis  manifeftly  repugnant  to  feveral  phenome- 
na ; as  that,  if  the  experiment  be  carefully  made,  we  may,  by  inclining 
the  tube,  impel  the  mercury  from  its  wonted  ftation  to  the  top  •,  which 
will  not  happen,  in  cafe  the  air  were,  before  inclination,  let  into  the  de- 
ferted fpace  ; that  if,  when  the  mercury  is  fettled  at  its  ufual  ftation,  the 
tube  be  lifted  up  out  of  the  ftagnant  quick-filver,  the  outward  air  will 
drive  up  the  heavy  mercurial  cylinder,  oftentimes,  with  force  enough 
to  beat  out  the  feal’d  end  ; and,  laftly,  the  quick-filver  refting  at  its 
ftandard  height,  if  you  carefully  ftop  the  lower  orifice,  under  the  fur- 
face  of  the  ftagnant  quick-filver,  and  then  lifting  up  the  tube  into  the  air, 
keep  it  well  ftopt,  and  firft  deprefs  one  end,  and  then  the  other ; the 
quick-filver  will  fall  againft  the  deprefs’d  end  of  the  tube,  with  a furpri- 
zing  force  and  fwiftnefs:  whereas,  if  unftopping  the- tube,  whilft  the  fame 
quantity  of  mercury  remains  in  it,  you  let  the  outward  air  into  the  cavi- 
ty, unpoflefs’d  by  the  mercury  and  then,  again,  ftop  the  orifice  with 
your  finger,  and  proceed  as  before,  you  fhall  perceive  the  motion  of 
the  included  fluid,  to  be  much  flower,  and  lefs  violent  than  formerly, 
by  reafon  of  the  reflftance  of  the  admitted  air  ^ which,  alfo,  manifeftly 
difclofes  itfelf,  by  the  conflict  and  bubbles  produced  betwixt  the  air  and 
quick-filver,  in  haftily  palling  by  one  another,  to  the  oppofite  ends  of  the 
tube.  But,  Mr.  Hobbs , not  pretending  that  any  attraction  intervenes  in 
the  cafe  *,  I fee  not  how  he  can  poflibly  make  out,  to  omit  other  pheno- 
mena, the  gradual  defcent  of  the  mercury,  in  the  tube,  beneath  its  wont- 
ed ftation,  upon  the  exhauftion  of  the  receiver ; and  the  re-afcent  of  the 
fame,  in  the  fame  tube,  as  we  let  in  more  or  lefs  of  the  outward  air,  with- 
out admitting  as  much  of  fpring  or  preflfure  in  the  air,  as  I contend  for.  The 
weight  of  the  terreftrial  particles,  by  which  he  endeavours  to  account  for 
the  quick-filver’s  falling  lower  at  the  top,  than  at  the  bottom  of  a hill, 
will  by  no  means  ferve  his  turn  •,  it  being  utterly  improbable  that  the  air, 
contained  in  fo  little  a vefiel  as  one  of  our  receivers,  can,  by  its  weight, 
counter-balance  fo  ponderous  a cylinder  of  quick-filver : whence  v/e  may 
be  allowed  to  argue,  that  the  air  fuftains  it  by  fuch  a preflfure,  or  fpring,. 
as  we  plead  for,  whether  that  proceed  from  the  texture  of  the  aerial  parti- 
cles, from  their  motion,  or  from  both. 

The  laft  of  Mr.  Hobbs’s  principal  explanations,  is  of  the  experiment 
wherein  above  ioo  pound  weight,  being  hung  at  the  deprefs’d  fucker, 
the  fucker  was,  notwithftanding,  impell’d  up  again,  by  the  air,  to  the 
top  of  the  cylinder.  This  phenomenon  Mr.  Hobbs  accounts  for  thus. 

46  The  air  being  beaten  back  by  the  retradlion  of  the  fucker,  and  finding  no 
44  void  place,  wherein  to  difpofe  of  itfelf,  befides  that  which  it  may  make, 

44  by  driving  out  other  bodies,  is,  by  perpetual  trufion,  at  length,  forced 
44  into  the  cylinder,  with  fo  great  fwiftnefs,  between  the  concave  furface 
44  of  the  cylinder,  and  the  convex  furface  of  the  fucker,  as  may  anfwer 
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tc  the  power  necefiary  to  draw  back  the  fucker.  Now  the  air  within  re- 
44  tains  the  fwiftnefs  wherewith  it  enters  ; and  then,  every  way,  diftends 
46  the  Tides  of  the  brafs  cylinder,  which  is  elaftic.  Therefore  the  air  in  the 
44  cylinder  being  vehemently  moved,  thrufts  againft  all  parts  of  the  con- 
44  cave  fnrface  of  the  cylinder,  tho*  in  vain,  till  the  fucker  is  drawn  back  > 
44  but  as  Toon  as  the  fucker,  being  loofe,  ceafes  to  impel  the  air,  that  air 
44  which  was  before  driven  in,  will,  by  reafon  of  its  endeavour  againft 
46  every  point  of  the  internal  fuperficies  of  the  cylinder,  and  of  the  elaftic 
4‘  force  of  the  air,  infinuate  between  the  fame  furfaces,  with  a velocity 
44  equal  to  that  by  which  it  was  impelled  *,  that  is,  with  a velocity  which 
44  anfwers  the  ftrength  of  the  impulfe  *,  when  the  fwiftnefs  wherewith  the 
44  fame  air  goes  out  of  the  cylinder,  finding  no  where  to  difpofe  of  itfelf, 
44  will  again  impel  the  fucker  to  the  top  of  the  cylinder  *,  for  the  fame 
44  reafon  that  the  fucker,  a little  before,  made  an  impulfe  upon  the  air.** 
But  this  whole  conceit,  of  the  air’s  running  in  and  out  with  a ftrange 
velocity,  between  the  fucker  and  the  cylinder,  is  precarious  •,  nor  does  he 
propofe  one  phenomenon  to  countenance  it.  Farther,  we  found,  in  an  en- 
gine fo  contrived,  that  the  pump  lay  covered  with  water,  when  the  fucker 
was  drawn  back,  the  atmofphere  would  ftrongly  prefs  the  water  againft 
it  *,  and  if  the  handle  were  let  go,  fwiftly  repel  up  the  fucker  into  the  de- 
ferted  cavity  of  the  cylinder *,  which  being  a cafe  parallel  to  that  under 
confideration,  let  any  unbiaffed  perfon  judge  how  likely  it  is  that  the  air 
could  perform  all  thefe  excurfions,  without  exciting  bubbles,  notwithftand- 
ing  the  water’s  conftant  interpofition  betwixt  it  and  the  cylinder.  And 
there  is  as  little  probability  in  what  our  author  teaches  of  the  air’s  conatus. 
I might  here  repeat,  what  we  formerly  mentioned,  of  the  breaking  of  our 
receivers  inwards,  not  outwards*,  and  add,  that  I fee  no  reafon  why  the 
conatus  of  the  included  air,  if  granted,  fhould  be  fruftrated,  when  the 
fucker  is  deprefied  ; but  if  the  air  within  have  fo  ftrong  an  endeavour 
outwards,  as  to  ftretch  the  thick  Tides  of  the  brafs  cylinder,  as  Mr.  Hobbs 
would  have  it,  I demand,  why  the  air  does  not  throw  out  the  wooden 
peg  or  valve,  which  we  have  often,  to  our  trouble,  feen  thrown  out  with 
great  force  and  noife,  when  the  depreffed  fucker  being  thruft  up  again, 
whilft  there  was  air  in  the  cylinder,  we  forgot  to  leave  the  valve  open  *, 
tho’,  in  this  cafe,  the  air  that  drove  out  the  peg,  was  far  enough  from 
ftretching  the  cylinder?  I further  demand,  how  it  comes  to  pafs,  that 
if,  having  ftopt  the  hole  of  the  cylinder  with  your  finger,  inftead  of  the 
peg,  you  fwiftly  deprefs  the  fucker,  you  fhal  1 be  fo  far  from  feeling  a 
prefiure  outwards,  againft  the  pulp  of  the  finger,  from  any  thing  con- 
tained in  the  cavity  of  the  cylinder,  that  your  finger  will  be  ftrongly 
prefled  in  by  the  ambient  air?  But  as  to  the  laft  part  of  the  pafiage  under 
confideration,  I do  not  underftand,  why  the  air  that  was  impelled  in  fo 
fwiftly  betwixt  the  cylinder  and  the  fucker,  fhould  not  refift  the  fwift 
egrefs  which  Mr.  Hobbs  afcribes  to  the  included  air,  by  the  fame  paflage  ; 
nor  why  this  impell’d  air,  that  has  fo  ftrong  an  endeavour  outward,  fhould 
jiever  deprefs  the  fucker,  as  well  as  the  fame  air,  diffufing  its  motion  thro* 
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the  vaft  ambient  medium  can  enable  the  external  air  to  thruft  up  the  fucker  p^vmaticb 
again,  efpecially  fince  during  fuch  a deprefiion  of  the  fucker,  made  by  the 
rebound  of  the  air,  forcibly  impell’d  in  from  the  clofe  bottom  of  the  cylin- 
der, the  air  from  without  may  all  this  while,  according  to  Mr.  Hobbs's 
principles,  get  in  between  the  faid  fucker  and  the  cylinder.  But  I further 
fay,  that  the  lifting  up  of  the  fucker,  either  is  not  neceflary  to  prevent  a 
vacuum,  or  that,  in  fome  cafes,  it  will  be  hard  to  fhew  how  a vacuum  can, 
by  Mr.  Hobbs , be  avoided.  For  when  the  deprefifed  fucker  is  ready  to  be 
thruft  up  again,  if  you  hang  a much  greater  weight  at  it  than  ioo,  it  will 
not  be  lifted  up  at  all.  And  whereas  this  progrefs  and  regrefs  of  the  im- 
pulfe  of  the  external  air  cannot  reafonably  be  fuppofed  to  be  very  lading, 
you  may,  by  a competent  weight,  detain  the  fucker  deprefied,  till  the 
ambient  air  is  as  quiet  as  ufual ; yet  if  you  then  take  off  the  overplus  of 
weight,  or  perhaps  a little  more,  in  cafe  the  pump  has  been  very  ftanch, 
the  fucker,  and  the  great  weight  hung  on,  will  neverthelefs  be  carried  up  j 
which  it  is  no  way  likely  it  could  be  by  the  impulfe  of  the  outward  air, 
that  had  time  to  decay  and  be  confounded.  And  as  for  the  inward  air, 
we  have  proved  that  it  has  no  fuch  endeavour  outwards  as  Mr.  Hobbs  pre- 
tends ; otherwife,  why  Ihould  not  that  throw  out  the  fucker,  rather  than 
caufe  it  to  be  impelled  inward  ; it  being  no  way  likely,  that  in  cafe  fome 
air  fhould  get  out  of  the  cavity  of  the  cylinder,  it  could  fo  move  the  out- 
ward air,  as  that  the  reflex  of  that  impulfe  Ihould  make  that  free  out- 
ward air  bear  more  ftrongly  againft  the  outfide  of  the  fucker,  than  the 
infide  of  the  fame  fucker  is  prefled  againft  by  the  included  air,  whofe  im- 
petus is  incomparably  lefs  diffufed  ? In  fhort,  whatever  is  refolved  to  be 
in  the  cavity  of  the  cylinder  when  the  fucker  is  deprefled,  yet  fince  it  is 
manifeft,  that  it  is,  at  leaft  in  great  part,  deftitute  of  common  air  ; and 
fince  the  fucker,  with  the  weight,  may,  if  the  inftrument  leak  not,  be  im- 
pelled up,  when,  in  all  probability,  thofe  forced  undulations  of  the  air, 
that  may  be  fuppofed  to  have  been  made  by  the  fucker,  have  ceafed  ; the 
Cartefians , Mr.  Hobbs , and  others,  who  will  not  have  recourfe  to  the  un- 
intelligible attra&ion  of  fome  rarified  fubftance  within,  muft  afcribe  fo 
ftrange  a phenomenon  to  the  preflure  of  the  air  without.  * 

The  reafon  why  water  afcends  in  fmall  glafs  tubes,  Mr.  Hobbs  tells  us 
is,  that  “ the  fmall  particles  interfperfed  in  the  air,  near  the  water,  by 
6C  their  motion  beat  upon  the  furface  of  the  water,  fo  that  the  fluid 
muft  of  neceflity  afcend  into  the  pipe  ; and  the  more  fenfibly  into 
<c  one  exceeding  flender.”  But  it  is  manifeft,  that  I did  not,  in  relating 
this  phenomenon,  take  upon  me  to  aflign  the  true  reafon  of  it.  However, 


* That  experiment  of  Mr.  Hauksbee's , 
whereby  it  appears,  that  140  pound  weight 
was  requifite  to  feparate  two  hemifpheres, 
3 half  inches  in  diameter,  fqueez’d  together, 
by  an  additional  atmofphere  of  air,  proves 
the  preflure  of  that  fluid,  beyond  all  con- 
tradiction, againft  the  Funicular  hypothefis, 
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that  of  fu&ion,  &c,  efpecially  confldering, 
that  when  the  air  was  exhaufted  out  of 
thefe  hemifpheres,  and  an  atmofphere  in- 
jected upon  their  external  furfaces , the 
weight  of  280  pound  was  neceflary  to 
caufe  their  feparation.  See  Hauksbeeys  Ex* 
perimentSy  p.  88  — 93. 

T t t t . I am 


6go 

PS’EVMATIC 

l/YV 


The  P neumatical  Experiments  defended. 

I am  no  way  fatisfied  with  Mr.  Hobbs's  explanation  *,  for  to  fay  nothing  of 
the  motion  he  afcribes  to  the  particles  difperfed  thro’  the  air,  he  leaves  the 
difficulty  unfolved  *,  fince  there  being  common  air,  as  well  within  the  ca- 
vity of  the  (lender  pipes,  as  without,  he  offers  no  reafon  why  the  preffure 
of  the  air  within,  (hould  not  refill  the  preffure  of  the  fame  kind  of  air 
without,  as  we  fee  it  does  in  greater  pipes.  And  poffibiy  he  would  have 
pad  by  this  particular,  if  he  had  not  overlook’d  the  advertifement  I gave, 
that  it  would  concern  thofe  who  (hould  undertake  to  (hew  the  caufes  of 
this  phenomenon,  to  confider  alfo  of  a reafon  why,  if  the  experiment  be 
tryed  with  quick-filver  inftead  of  water,  the  furface  of  that  fluid  will,  in- 
(lead  of  being  higher,  be  lower  within  the  pipe,  than  without  it ; whereas 
if  Mr.  Hobbs's  explication  be  fufficient,  why  (hould  not  the  contrary  hap- 
pen in  quick-filver  as  well  as  in  water  ? The  next  paffage  to  be  considered 
is  this : “ If  any  one,  after  the  frequently  repeated  impulfe  and  retra&ion 
“ of  the  fucker,  endeavour  to  draw  out  the  ftopple  of  the  upper  ori- 
<c  (ice  of  the  receiver,  he  (hall  find  it  gravitate  very  much,  as  if  a 
44  weight  of  many  pounds  hung  upon  it.  Whence  comes  this?  from 
44  a ftrong  circular  endeavour  of  the  air  within  the  receiver,  made  by 
44  the  violent  ingrefs  of  the  air,  between  the  convex  furface  of  the  fucker, 
44  and  the  concave  of  the  cylinder,  procured  by  the  repeated  impulfe  and 
44  revulfion  of  the  fucker,  improperly  called  the  exfu&ion  of  the  air ; 
44  for  by  reafon  of  the  fulnefs  of  nature,  the  flopple  cannot  be  drawn 
44  out ; but  whilft  that  circulates  very  fwiftly,  it  comes  out  very  hardly  ; 
44  that  is,  it  feems  to  be  very  heavy  •,  for  as  loon  as  fre(h  air  is  by  degrees 
44  let  into  the  receiver,  it  likewife  by  degrees  lofes  this  feeming  gravity.” 
To  this  I anlwer  : firft,  that  if  there  be  fuch  a vehement  circular  en- 
deavour of  the  air  in  the  receiver,  by  which  motion  he  teaches,  that  the 
air  rufhes  out  with  violence  enough  to  make  the  atmofphere  lift  up,  in 
our  cylinder,  above  ioo  pound  weight  ; I fee  not  why  it  (hould  not  ra- 
ther throw  out  the  ftopple,  under  confideration,  than  hinder  its  extra- 
ction ; and  why,  when  the  external  air  is  re-admitted  at  the  ftop-cock 
into  the  exhaufted  receiver,  and  thereupon  there  fenfibly  follows  for  a little 
while,  a rotation  of  the  included  air,  the  ftopple,  that  juft  before  feemed 
fo  much  to  refill  the  being  drawn  out,  (hould  ceafe  to  make  any  fuch  re- 
fiftance.  Nor  do  I fee  how  the  plenitude  of  nature  (hould,  as  is  here  inti- 
mated, hinder  the  extraction  of  the  ftopple';  for  according  to  the  plenifts, 
the  world  and  the  receiver,  mud  be  at  all  times,  equally  full.  And  if  the 
contiguous  air  mud,  for  Mr.  Hobbs' s reafon,  neceffarily  be  extracted 
with  the  ftopple  in  one  cafe,  I fee  not  why  the  like  (hould  not  hap- 
pen in  another.  Now  it  appears  by  our  experiments,  that  there  is  no 
fuch  very  ftrong  circular  endeavour  in  the  exhaufted  receiver  as  he  pre- 
tends ; but  indeed  an  endeavour  of  the  ambient  atmofphere,  to  prefs 
the  parts  of  the  glafs  inwards,  and  cover  thofe  that  are  contiguous  to  it. 
For,  as  I have  noted  already,  a light  bladder  fufpended  in  the  receiver, 
manifefted  no  fuch  motion  as  he  here  fuppofes  *,  neither  were  a pair 
of  leaks  fufpended  within  the  fame  ; nor  a long  magnetical  needle,  that 
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refted  upon  the  poir^t  of  another  needle,  at  all  whirled  about  by  this  ima-  Pneum 
ginary  motion  of  the  air.  Befides,  if  you  leifurely  loofen  the  brafs  Hop-  v-f>' 
pie,  fo  that  it  may  be  very  near,  but  not  contiguous  to  the  Tides  of  the 
locket,  you  lhall  manifeftly  perceive  a ftrong  current  of  air  to  flow  into 
the  receiver  at  that  palfage  *,  and  more  than  once,  when,  inftead  of  that 
piece  qf  brafs,  we  flopt  the  hole  in  the  cover  with  our  cement,  we  obser- 
ved forpetimes  whilft  we  were  pumping,  fometimes  after  we  had  done 
pumping,  that  the  outward  air,  by  degrees,  deprelfed  the  fuperficies  of 
the  cement  expofed  to  it,  and  made  it  concave  ; and  now  and  then  would 
break  thro*  it,  thrufting  it  inward  with  great  violence  and  noife. 

Mr.  Hobbs  afterwards  attempts  to  re£tify  another  of  our  explanation?, 
in  thefe  words : u We  have  feen  alfo,  that  water  let  down  into  the  recej- 
<c  ver,  after  fome  returns  of  the  motion  of  the  fucker,  has  bubbled  fo, 
cc  as  if  it  had  boiled  over  a fire  *,  which  happens  by  reafon  of  the  fwiftnefs 
<c  of  the  circulating  air,  unlefs  perhaps  you  find  the  water  hot  too  whilft 
cc  it  bubbles.  For  if  we  were  fure  it  was  hot,  we  muft  find  out  fome 
6C  other  caufe  of  the  phenomenon.  But  we  are  certain  it  is  not  fenfibly 
<c  hot ; how  therefore  can  the  greater,  or  lefs  motion  of  the  atmofphere, 
ct  promote  fuch  a motion  as  this  ?”  But  I confefs,  I fee  not  how  the  cir- 
cular motion  of  the  air  within  the  receiver,  could  in  a vial  with  a long 
neck,  produce  fuch  effedts  as  we  mention  ; efpecially,  I fee  not  how  fuch 
a wind,  paffing  along  the  furface  of  the  water,  could  raife  fo  many  very 
large  bubbles,  which  feemed  generally  to  rife  from  the  lower  parts  of  the 
water,  thro*  the  long  neck  of  the  vial,  and  fpout  it,  as'  it  were,  into  the 
receiver. 

As  for  what  he  fays  about  the  gravity  of  the  atmofphere,  it  is  plain 
enough  that  my  conje&ure  afcribes  the  phenomenon  to  the  taking  off  the 
prelfure  of  the  air  within  the  receiver  •,  tho’  I fee  not  why  the  removal  of 
the  weight  of  the  atmofphere,  if  it  could  be  effeded,  out  of  .the  engine, 
fhould  not  have  a like  operation.  And  that  the  greater  or  lefs  prelfure 
of  the  air  concurs  to  this  phenomenon,  appears  from  common  experience  ; 
for  water,  by  being  heated,  is  expanded,  and  generates  bubbles  *,  and  our 
experiments  have  made  it  appear,  that  there  are  aerial  particles  in  water, 
and  other  liquors,  which  tend  to  expand  themfelves ; and  adually  . do  fo 
in  numerous  bubbles,  when  the  prelfure  of  the  incumbent  air  is  con’fide- 
rably  lelfened.  In  the  prefent  phenomenon,  that  prelfure  being,  by  the 
exhauftion  of  the  receiver,  taken  off,  the  aerial  particles,  and  agitated 
vapours  abounding  in  the  hot  water,  are  allowed  to  expand  themfelves  ; 
and  to  rpake  fuch  numerous  and  great  bubbles,  as  thereby  to  carry  off  a 
.large  part  of  the  water  out  of  the  vial.  So  that  I wonder  what  makes 
.Mr.  fMfo  jfpeah,  as  if.there  were  no  fenfible  heat  in  the  water,  under  con- 
sideration ; fipce  it  is  exprefly  faid,  that  it  was  put  in  hot ; and  if  it  were 
put  in  cold,  could,  by  no  pumping,  be  brought  to  the  leaft  Ihew  of  ef- 
fervefcence.  And  I have  already  Ihewn  by  experiments,  that  there  is,  in 
our  exhaufted  receiver,  no  fuch  peculiar  motion  of  the  air,  as  he  afcribes  • 
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pneum  xtici  t]ie  phenomenon  to.  Nay,  when  there  is  manifeftly  a whirling  motion 
^ ajr  jn  the  glafs,  upon  the  admiffion  of  the  external  air,  the  pro* 
duClion  of  numerous  bubbles  in  the  water  prefently  ceafes.  And  there- 
fore Mr.  Hobbs  might  have  let  alone  my  conjecture,  unlefs  he  could  either 
• have  difproved  it  better,  or  fubftituted  a more  probable  one  in  its  ftead. 

Mr.  Hobbs  having  recited  our  experiment  of  killing  animals  in  the  ex- 
haufted  receiver  in  2 or  3 minutes,  afks,  44  if  thefe  animals  were  fo  quick- 
46  ly  kill’d  for  want  of  air,  how  do  divers  live  under  water?  for  fome 
44  of  them,  accuftom’d  to  it  from  their  childhood,  will  fuftain  the  want 
44  of  air  for  a whole  hour?  Certainly,  that  moft  vehement  motion,  by 
44  which  included  bladders  are  diftended  and  broken,  kills  thefe  ani- 
44  mals.”  But  I ftill  think  we  want  fome  clearer  difcovery  about  this 
matter,  notwithftanding  what  has  been  delivered  concerning  it  by  Mr. 
Hobbs  \ for  his  argument  againft  my  conjecture  is  anfwer’d  by  himfelf, 
fjnce  he  plainly  intimates,  that  divers  who  can  live  without  air  for  a 
whole  hour,  are  accuftomed  to  it  from  their  childhood.  Wherefore, 
unlefs  the  animals  that  died  in  our  engine,  had  been  for  a long  time  train’d 
up  by  degrees  to  live  without  air,  it  will  not  follow,  that  the  want  of  it 
would  not  foon  difpatch  them  *,  as  ordinary  men  may  be  drown’d  in  a few 
minutes.  And  having  purpofely  let  down  fome  mice,  and  fmall  birds,, 
into  a deep  glafs  filled  with  water,  and  kept  them  from  emerging,  by 
a weight  ty’d  to  their  legs  or  tails  *,  tho’  fome  liv’d  longer  than  others, 
yet  I obferv’d  them  to  be  kill’d  faft  enough,  to  keep  my  conjecture  from 
being  incredible  •,  efpecially  the  laft  we  made  trial  of,  tho’  a large  and 
lufty  moufe,  appeared  to  be  quite  dead  within  fomewhat  lefs  than  a 
minute.  And  we  particularly  took  notice,  that  before  drowning,  feveral 
bubbles,  which  feemed  to  be  the  refpired  air,  came  out  of  their  mouths, 
and  afcended  thro’  the  water.  We  have  already  difproved  the  fuppofition 
whereon  Mr.  Hobbs’s  opinion,  as  to  the  caufe  of  the  death  of  animals  in 
the  receiver,  is  built  *,  for  no  fuch  vehement  motion  as  he  pretends,  is 
there  to  be  found.  Nor  does  it  at  all  clear  the  difficulty,  that  he  would 
have  this  motion  the  fame  whereby  included  bladders  are  diftended  and 
broken.  For  it  is  very  hard  to  conceive  how  the  tenacity  of  the  air,  or  its 
beating  from  all  parts  upon  the  convex  furface  of  an  almoft  empty  bladder 
(for  in  fuch  alfo  the  experiment  will  fucceed)  fhould  make  it  burft  out- 
wards. And  we  have  already  proved,  that  the  diftenfion  and  breaking  of 
bladders  in  our  receiver,  proceeds  not  from  any  fuch  motion  of  the  neigh- 
bouring air,  as  is  here  prefumed,  but  from  a quite  different  caufe. 

Mr.  Hobbs  has  a long  difcourfe  concerning  the  extinction  of  fire  in  our 
receiver,  upon  exhaufting  the  air  j and  he  endeavours  to  reduce  what 
happens  to  kindled  coals  placed  in  our  engine,  to  what  happens  in  cer- 
tain mines,  wherein,  when  fome  thick  damps  afcend,  both  charcoal  and 
candles  are  foon  extinguifhed.  He  alfo  attempts  to  fhew,  that  by  the 
reciprocation  of  the  fucker,  the  air,  impelled  firft  into  the  cylinder,  and 
then  into  the  receiver,  is  put  into  fuch  a motion,  as  gives  it  a certain  mid- 
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die  confidence,  betwixt  that  of  pure  air,  and  that  of  water.  But  I fliallPNEUMAT,c* 
not  need  to  examine  this  fecond  part  of  his  difcourfe,  becaufe  I deny  the 
firft  > and  being  able  to  difprove  the  thicknefs  of  the  air  in  the  exhauded 
receiver,  I need  not  fpend  time  about  what  he  teaches  of  the  manner.  His 
hiftory  of  the  damp  to  be  met  with  in  mines,  is  more  largely  fet  down  in 
his  elements  of  philofophy  ; where  he  feems  to  mention  it  as  a dory  of 
doubtful  credit,  which  it  is  likely  he  would  not  have  done,  if  he  had  then 
feen  it  \ and  if  he  has  not  fince  obferved  the  thing  himfelf,  there  may  ea- 
fily  be  a midake  in  fome  of  the  circumdances  ; as  for  indance,  the  number 
of  minutes  wherein  the  thick  air  choaks  the  fire  ; and  it  is  upon  that  cir- 
cumdance,  the  validity  of  what  he  deduces  from  the  obfervation,  chiefly 
depends.  But  however  the  matter  dands  with  thefe  fubterraneal  damps* 
we  have  already  proved,  by  feveral  of  the  experiments  of  our  engine,  that 
in  the  exhauded  receiver  there  is  no  fuch  motion  of  the  air  as  is  here  fup- 
pofed.  And  it  may  be  fufficiently  proved,  that  whatever  remains  in  the 
receiver,  is  not  fuch  a fubflance  as  Mr.  Hobbs  would  have  it ; for  he  here 
tells  us,  it  is  of  a confidence  betwixt  air  and  water  ; and  in  his  elements 
fays,  it  is  not  much  lighter  than  water.  But  by  the  Magdeburgic  experi- 
ment, it  is  evident  that  the  receiver,  by  being  exhauded  of  common  air, 
is  fo  far  from  growing  heavier,  that  it  lod  above  an  ounce  of  its  former 
weight.  And  to  this  agrees  what  happens  in  aeolipiles,  that  grow  lighter 
when  the  air  is  expelled.  Befides,  if  the  receiver  be,  in  the  prefent  cafe* 
filled  with  a fubdance,  whofe  confidence  is  fo  much  nearer  that  of  water, 
than  is  our  common  air,  as  Mr.  Hobbs  would  have  it,  why  does  not  a pen- 
dulum move  fenfibly  flower  in  it,  when  in  water  the  vibrations  are  fo  ex- 
ceedingly flackened  ? And  the  breaking  of  an  hermetically  fealed  bubble, 
in  our  receiver,  outwards,  when  the  air  was  much  exhauded,  and  not  be- 
fore, with  feveral  other  experiments,  that  might  be  eafily  applied  to  this 
purpofe,  fufficiently  prove,  that  it  is  not  a thicker,  and  far  heavier  air, 
but  a more  yielding,  and  lighter,  that  remains,  after  pumping,  in  the 
cavity  of  our  receiver.  But  as  for  the  thing  itfelf,  when  I related  it,  I 
thought  it  might  admit  a farther  enquiry  ; and  indeed  there  may  be  many 
ways  of  extinguishing  fire  •,  fo  that,  as  it  is  not,  in  all  cafes,  eafy  to  aflign 
the  true  caufe  of  its  extinction,  it  is  unfafe  to  conclude,  with  Mr.  Hobbs , 
that  becaufe  a candle,  or  a live  coal,  may  be  extinguifhed  by  a thick 
damp*  therefore  the  effeCt  mud  proceed  from  the  like  caufe  in  our  recei- 
ver, where  there  is  no  fign  of  any  damp,  or  unufual  thicknefs  of  the  air, 
but  of  the  contrary. 

Mr.  Hobbs  next  pretends  to  fhew,  that  neither  the  fpring,  nor  weight 
v of  the  air,  have  any  thing  to  do  with  the  two  flat  polifhed  marbles,  not 
falling  afunder  in  our  receiver  ■,  “ becaufe,”  fays  he,  “ the  weight  of  the 
“ atmofphere  can  do  nothing  there  he  adds,  “ that  a dronger,  or 
cc  more  evident  argument  could  not  be  brought  againd  a vacuum,  than 
<c  this  experiment.  For  if  two  coherent  marbles  fhould,  either  of  them, 

“ be  thrud  forwards  that  Way  that  their  furfaces  lie  contiguous,  they 

“ would 
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Pneumatics  cc  wou|(J  eafily  be  fevered,  the  neighbouring  air  fucceftively  flowing  into 
tc  t|ie  deferted  place.  But  fo  to  pull  them  afunder,  that  at  one  time  they 
“ fhould  lofe  their  whole  contaft,  is  impoflible,  the  world  being  full  *, 

“ for  then  either  motion  muft  be  made  from  one  term  to  another  in  an 
“ inftant,  or  two  bodies  at  the  fame  time  muft  be  in  the  fame  place  ; to 
“ fay  either  of  which  is  abfurd.”  But  how  this  fhould  be  fo  cogent  and 
manifeft  an  argument  againft  the  vacuifts,  I do  not  well  difcern  * for  what 
it  proves,  if  it  prove  any  thing,  feems  to  be,  that  in  cafe  the  cohering 
marbles  could  be  fo  fevered,  as  to  lofe  at  once  their  whole  contaft,  the 
world  might  be  concluded  not  to  be  full  ; but  I fee  not  how  it  thence  fol- 
lows, that  therefore  there  can  be  no  vacuum.  For  my  part,  I would  de- 
mand, whether  the  ftrong  adhefion  of  the  marbles  be  neceflary  or  not  to 
the  plenitude  of  the  world  ? If  it  be,  how  chance  a fufficient  weight  hung 
to  the  lower  marble  can  immediately  draw  them  afunder?  And  if  it  be 
not,  why  does  not  Mr.  Hobbs  afllgn  fome  other  caufe  of  their  fo  ftrong 
adhefion,  if  it  depend  neither  upon  the  fpring  nor  weight  of  the  air  ? As 
for  the  non-feparation  of  the  two  marbles  in  our  receiver,  I have  faid,  that 
the  caufe  may  probably  be  the  prefiure  of  the  air  remaining  in  the  recei- 
ver ; for  it  is  no  way  unlikely,  that  the  remaining  air  fhould  be  able  to 
fuftain  a weight  of  4 or  5 ounces  hanging  at  the  lower  marble,  fince  the 
free  air  was  able  to  fupport  between  4 and  500  ounces  hanging  at  the 
fame. 

But  Mr.  Hobbs  tells  us,  that  the  caufe  I aftign  of  the  cohefion  of  our 
marbles,  is  liable  to  great  inconveniences  ; for  they  confefs,”  fays  he, 
xc  that  all  ponderation  is  an  endeavour,  every  way,  by  right  lines,  to 
“ the  center  of  the  earth  *,  fo  that  it  is  made  not  by  the  figure  of  a cy- 
“ linder  or  column,  but  by  a pyramid,  whofe  top  is  the  center  of  the 
“ earth,  and  whofe  bafis  is  part  of  the  furface  of  the  atmofphere.”  As 
if  it  were  material  whether  a body,  whofe  bafis  is  fcarce  two  inches 
diameter,  and  length  fome  thoufands  of  miles,  be  confidered  as  a cylinder 
or  a pyramid.  Certainly  Slevinus , and  other  learned  hydroftatical  wri- 
ters, would  fcarce  have  made  this  an  objedtion  *,  fince  they  fcruple  not 
to  poftulate,  that  all  perpendiculars,  not  very  diftant,  be  looked  upon 
as  parallel ; tho*  they  allow  fuch  perpendiculars  would  meet  in  the  center 
of  the  earth.  What  he  adds,  “ that  therefore  the  endeavour  of  all  the 
“ points  which  ponderate,  will  be  propagated  to  the  furface  of  the  up- 
“ per  marble,  before  it  can  be  propagated  further  to  the  earth,”  to 
prove  that  the  whole  endeavour  of  the  pyramid,  that  refts  upon  the 
upper  marble,  is  terminated  there  ; and  that  there  is  no  endeavour  of 
the  atmofphere,  againft  the  under  fuperficies  of  the  lowermoft  marble, 
feems  grounded  partly  upon  a conceit  of  his  about  the  nature  of  gra- 
vity ; according  to  which,  I fee  not  why  any  body,  plaoed  between  the 
iides  of  that  pyramid  or  cone,  whereof  the  upper  fuperficies  of  the 
Tiigher  marble  is  the  bafis,  fhould  defcend  upon  the  account  of  gravity  ; 
and  partly  from  a miftake  of  my  opinion  for  I no  where  fpeak  as  if 

I thought 


7 %e  Pneumatical  Experiments  defended.  695 

1 thought  the  lower  marble  was  fuftained  by  little  globules,  or  other 
minute  bodies,  protruding  one  another  dire&ly  towards  the  center  of 
the  earth,  and  rebounding  from  a perfectly  fmooth  furface.  Nor,  need 
I fay,  that  the  lower  ftone  is  fuftained  by  the  preflure  of  the  fame 
pillar  of  the  atmofphere,  as  refts  on  the  upper  ; fince  other  parts  of  the 
atmofphere,  fome  on  the  one  hand,  and  fome  on  the  other,  prefling 
obliquely  upon  the  uneven  furface  of  the  earth,  may  have  their  prefi- 
gure upward,  terminated  againft  the  lower  furface  of  the  undermoft 
marble.  Thus  an  aeolipile  being,  by  heat,  well  freed  from  air ; if 
the  little  orifice,  at  the  extremity  of  the  neck,  by  which  the  air 
gets  in  and  out,  be  foon  carefully  flopped  with  wax,  and  afterwards  fuf- 
fered  to  cool,  there  will  not  be,  in  the  cavity  of  the  aeolipile,  a reftftance 
near  equal  to  the  preflure  of  the  outward  air.  And  therefore,  if 
you  perforate  the  wax,  that  air  will  be  violently  impelled  in,  at  the 
unftopped  orifice,  whether  the  neck  be  held  parallel,  or  perpendicu- 
lar to  the  horizon ; or,  in  any  other  fituation,  in  refpe£t  of  the  cen- 
ter of  the  earth.  And  the  like  will  happen,  if  the  aeolipile  be  unftopp’d 
under  water. 

And,  I lately  met  with  the  relation  of  an  experiment,  which  a- 
bundantly  makes  out  the  power  of  the  ambient  atmofphere,  to  prefs 
bodies  againft  each  other,  when  it  cannot  get  between  their  internal 
furfaces.  The  ingenious  author  of  the  Magdeburgic  experiment,  writes 
to  the  induftrious  Scottus , that  having  caufed  two  copper  plates  to  be 
made,  almoft  in  the  form  of  fcales  a little  above  half  an  ell  in  diame- 
ter, andexa&ly  fit;  if  when  laid  upon  one  another,  “ the  air  be  drawn 
“ out,  they  are  kept  fo  comprefied,  and  united,  by  the  gravity  of  the 
“ external  air,  that  fix  ftrong  men  cannot  pull  them  afunder  ; but  if,  at 
<c  length,  they  are  disjoined,  they  make  a noife  equal  to  the  report  of 
<c  a mufquet;  yet  as  foon  as  ever  there  is  the  leaft  entrance  given  to 
iC  the  air,  they  fall  afunder  of  their  own  accord.”  And,  if  aglafsvial 
have  a pipe  open  at  both  ends,  fo  fitted  to  it,  that  no  air  can  get  in 
or  out,  betwixt  the  neck  and  it ; and  if  the  vial  be  fo  far  filled  with  wa- 
ter, that  the  lower  end  of  the  pipe  be  well  immerfed  therein  ; if  you  fuck 
at  the  upper-end  of  the  pipe,  the  water  will  afcend  to  a great  height; 
which  argues  its  being  forced  upwards,  by  the  oblique  preflure  of  the 
air  in  the  vial:  for  it  is  only  in  the  pipe,  and  not  in  the  vial,  that 
there  is  any  air  in  the  fame  perpendicular  with  the  water  that  is  im- 
pelled. 

As  to  the  afcent  of  liquors  by  fu&ion,  Mr.  Hobbs  fays,  tc  whoever 
<c  fucks  water  into  his  mouth  by  a pipe,  firft  fucks  up  the  air  between  ; 

“ whereby  he  removes  the  external  diftended  air,  which  can  have  no 
“ place,  but  by  removing  the  next ; and  fo,  by  continual  pulfion,  the 
“ water  is  at  length,  driven  into  the  pipe,  and  fucceeds  the  air  which 
<c  is  fucked  out.”  And  this  account  of  the  phenomenon  is  alfo,  given 
by  the  learned  Gajfendus , and  other  atomifts  ; and  fee  ms  generally  ac- 
quiefced  in  by  the  modern  philofophers.  But,  though  I deny  not,  that 

many 
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3 many  phenomena  of  nature,  may  be,  probably,  explained  by  this  pro- 
pagation, and  return  of  motion  ; yet  there  are  fome  others,  here  below, 
which  I fee  not  how  the  Cartefians , theatomifts,  or  Mr.  Hobbs,  can  folve, 
without  admitting  the  fpring  of  the  air ; and  which,  perhaps,  may,  by 
the  fpring  of  the  air,  be  explain’d,  without  recurring  to  fuch  a propaga- 
tion, and  return  of  impulfe.  I took  a glafs  vefiel,  confifting  of  two  parts  •, 
the  one,  a vial,  capable  of  containing  about  a pound  of  water;  and  the 
other,  a pipe,  open  at  both  ends  ; the  lower  of  which  reach’d  within  two 
inches  of  the  bottom  of  the  vial:  this  pipe  was  fattened  into  the  neck 
of  the  vial,  with  melted  glafs,  of  a good  thicknefs  *,  and  into  the  vefiel, 
by  the  open  pipe,  I pour’d  water  enough  to  fwim  a pretty  way  above  the 
lower-end  of  the  pipe  *,  and  then  often  inclined  the  vefiel  to  give  a free  in- 
tercourfe  betwixt  the  air  within  .the  vial,  and  that  without  it:  whence, 
if  the  external  air  were  comprefifed  by  the  affufion  of  the  water,  it  might 
free  itfelf,  as  it  readily  did  by  afcending  in  bubbles  along  the  inclined 
pipe,  till  the  outward  and  inward  air  were  reduced  to  an  equality  of  pref- 
iure.  Now,  if  all  fusion  were  produced  by  the  preflure  of  the  air, 
thrufl:  away  by  the  dilated  cheft  of  him  that  fucks,  and  fo  thrufting 
the  fluid  into  the  pipe,  it  feems  evident,  in  our  cafe,  that  the  water 
would  not  afcend  by  fudtion  ; fince  by  the  contrivance  of  the  vefiel,  the 
air  thrufl:  away  by  him  that  fucks,  cannot,  at  all,  come  to  prefs  upon 
the  water.  Yet,  whether  the  pipe  were  inclined,  or  ere<5V,  the  water 
afcended,  upon  fudlion,  to  the  top  of  the  pipe,  and  ran  over  into  my 
mouth,  and  that  with  tolerable  eafe:  fot  though  the  fpring  of  the  air,  pent 
up  in  the  vial,  were  able,  upon  the  decreafe  of  the  preflure  of  the  out- 
ward air  occafioned  by  my  fucking,  to  impel  the  water  ftrongly  into  the 
pipe  •,  yet,  when  a moderate  quantity  of  water  had  been  impelled,  the 
included  air,  gaining,  thereby,  more  room  to  expand  its  fpring,  was  fo 
much  weakened,  that  the  water  afcended  far  lefs  eafily  than  in  ordinary 
fudtion.  And,  to  fhew  that  the  afcentof  the  water,  in  the  pipe,  did  not 
proceed  from  any  fuch  tendency,  in  the  water  itfelf,  to  afcend,  for  pre- 
vention of  a vacuum  ; I carefully  took  out  the  water,  by  degrees,  till  the 
Jower-end  of  the  pipe  lay  but  very  little  under  the  furfaceof  the  water; 
tho’  in  the  cavity  of  the  pipe,  the  water  was  confiderably  higher:  then 
fuflfering  the  vefiel  to  reft,  and  fucking  at  the  upper-end  of  the  pipe,  the 
water  was  impelled  up,  yet  without  reaching  near  the  top,  till  the  furface 
- of  it  was  fallen  a little  below  the  bottom  of  the  pipe.  But  then,  though  I 
continued  fucking,  no  more  water  afcended  into  the  pipe  ; but  theairpaf- 
fing  thro’  it,  towards  my  mouth,  in  its  paflage  tofs’d  up  the  water  that 
was  already  in  the  pipe,  and  turned  it  into  bubbles,  which  broke  with 
noife  one  after  another.  And  thus  the  afcending  air  long  kept  the 
water,  in  the  pipe,  from  falling  back  to  that  in  the  vial  •,  but  when 
I removed  my  mouth,  the  fpring  of  the  air,  remaining  in  the  cavity 
.of  the  vial,  being  weakened  by  the  recefs  of  the  air,  I had  fucked  out. 
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it  was  not  able  to  refift  the  prefiure  of  the  outward  air;  and  accord- pNEt7MATXC* 
ingly,  the  water  in  the  pipe,  was  not  only  deprefied  into  the  vial, 
but  the  external  air  forced  its  way,  in  many  bubbles,  and  not  with-  ^ 
out  fome  noife,  thro*  the  water  contiguous  to  the  bottom  of  the  pipe, 
till  the  prefiure  of  the  included  air,  and  that  of  the  atmoiphere,  were 
reduced  to  an  equality. 
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REMARKS 

UPON 

Mr.  HOBBS  s Problems, 

ABOUT  A 

VACUUM. 


I Here  only  propofe  to  confider,  whether  Mr.  Hobbs  has  cogently  pro- 
ved his  aflertion,  that  there  is  no  fuch  thing  as  a vacuum  $ and  whe- 
ther he  has  rightly  explain’d  thofe  phenomena  of  nature,  which  he  un- 
dertakes to  folve,  and  efpecially  thofe  produc’d  by  means  of  our  engine. 

And  firft,  as  I account  for  the  adhefion  of  two  flat  polifh’d  marbles  by 
the  prefiure  of  the  air,  Mr.  Hobbs  thinks  this  phenomenon  fo  fully  proves 
the  plenitude  of  the  world,  that  tho’  be  tells  us,  he  has  many  ftrong  argu- 
ments to  make  it  out,  yet  he  mentions  but  this  one,  as  abundantly  fuffi- 
cient ; for,  fays  he,  fince  the  vacuifts  allow  interfperfed  vacuities,  not 
only  in  the  air  that  furrounds  the  joined  marbles,  but  in  the  reft  of  the  am- 
bient air,  there  is  no  reafon  why  there  fhould  be  any  difficulty  in  fepara- 
ting  the  marbles  •,  or  at  leaft,  any  greater  difficulty  than  in  moving  them 
in  that  air  after  their  feparation.  But  they  will  eafily  anfwer,  that  not- 
withftanding  the  vacuities  they  admit  in  the  ambient  air,  a manifeft  rea- 
fon may  be  given,  on  their  hypothefis,  of  a difficulty  in  the  divulfion  of 
the  marbles  ; for  the  vacuities  they  admit  being  but  interfperfed,  and  very 
imall  *,  and  the  corpufcles  of  the  atmofphere  being,  according  to  them, 
endow’d  with  gravity,  there  reft  fo  many  upon  the  upper  furface  of  the 
marble,  that  this  ftone  cannot  be,  at  once,  perpendicularly  drawn  up  from 
the  lower,  contiguous  to  it,  without  a force  able  to  furmount  the  weight 
of  the  aerial  corpufcles  that  prefs  upon  it.  And  this  weight  has  already  fo 
..condenfed  the  neighbouring  parts  of  the  ambient  air,  that  he  who  would 

per- 
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perpendicularly  raife  the  upper  marble  from  the  lower,  needs  a confider-  Pneumatics 
able  force  to  make  the  revulfion,  and  compel  the  contiguous  parts  of  the 
incumbent  air,  to  enter  the  pores,  or  intervals  intercepted  between  them. 

For,  the  force  of  him,  who  endeavours  to  raife  the  upper  marble,  whilft 
the  lower  furface  of  it  is  fenc’d  from  the  prefiure  of  the  atmofphere,  by 
the  contact  of  the  lower,  which  fuffers  no  air  to  come  in  between  them, 
is  not  aflifted  by  the  weight,  or  prefiure  of  the  atmofphere  ; which,  when 
the  marbles  are  once  feparated,  prelTing  as  ftrongly  againfl  the  under  fur- 
face  of  the  upper  marble,  as  the  incumbent  atmofpherical  column  does 
againfl:  the  upper  furface  of  the  fame  marble  ; the  hand  which  endeavours 
to  raife  it,  in  the  free  air,  has  no  other  refiftance,  than  that  fmall  one  of 
the  marble’s  own  weight  to  furmount. 

And  as  for  the  reafon  which  Mr.  Hobbs , and,  as  he  thinks,  all  others 
give  of  the  difficulty  of  this  divulfion,  “ that  the  whole  fpace  between 
“ the  two  feparated  marbles,  cannot  be  inftantaneoufly  filled  by  the  air, 

‘c  let  the  feparation  be  ever  fo  fudden the  plenifts  may  give  a more 
plaufible  account  of  this  experiment,  than  he  has  here  done  ; and,  there- 
fore abftradting  from  the  two  oppofite  hypothefes,  I may  fay,  that  the 
genuine  caufe  of  the  phenomenon  feems  to  be  that  which  I have  already 
affign’d  ; and  that  the  difficulty  of  railing  the  upper  hone,  attending  the 
air’s  not  being  able  to  come  in  all  at  once,  to  pofiefs  the  fpace  left  be- 
tween the  furfaces  of  the  two  marbles,  upon  their  feparation,  proceeds 
from  hence ; that,  till  this  fpace  be  fill’d  with  the  atmofpherical  air,  the 
hand,  which  would  raife  the  upper  marble,  cannot  be  fully  affifted  by 
the  prefiure  of  the  air,  againfl:  the  lower  furface  of  that  marble:  for,  fince 
I declare  not  for  the  hypothefis  of  the  plenifts,  as  it  is  maintained  by  Mr. 

Hobbs , I am  not  bound  to  allow,  what  the  common  explanation,  adopted 
by  my  adverfary,  fuppofes,  that  either  nature  abhors  a vacuum;  or  that 
there  could  be  no  divulfion  of  the  marbles,  unlefs  at  the  fame  time, 
the  air  were  admitted  into  the  fpace  that  divulfion  makes  for  it.  And  a 
vacuift  may  fay,  provided  the  ftrength  employed,  to  draw  up  the  upper 
marble,  be  able  to  furmount  the  v/eight  of  the  aerial  corpufcles,  accu- 
mulated upon  it ; the  divulfion  would  enfue,  though  no  air,  or  other  bo- 
dy, fhould  be  permitted  to  fill  the  room  made  for  it,  by  the  divulfion  ; 
and  that  the  air’s  rufliing  into  this  fpace,  does  not,  necefiarily,  accom- 
pany, but,  in  order  of  nature,  and  time,  follow,  upon  a feparation  of 
the  marbles  ; the  air  that  furrounded  their  contiguous  furfaces,  being, 
by  the  weight  of  the  collateral  air  above,  impelled  into  the  room  newly 
made  by  divulfion.  But,  having  purpofely,  in  our  pneumatic  receiver, 
accommodated  two  flat  and  polilhed  marbles,  fo  that  the  lower  being 
fix’d,  the  upper  might  be  laid  upon  it,  and  drawn  up  again,  as  there 
fhould  be  occafion  ; I found,  that  if,  when  the  receiver  was  well  exhauft- 
ed,  the  upper  marble  was,  by  a certain  contrivance,  laid  flat  upon  the  low- 
er, they  would  not  then  cohere,  as  before,  but.  with  great  eafe,  be  feparated; 
tho’  it  did  not,  by  any  phenomenon,  appear,  that  any  air  could  rufh 
in,  to  pofiefs  the  place  given  it  by  the  recefs  of  the  upper  marble  > whofe 
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very  eafy  avulfion,  feemed  owing  to  the  prefiure  of  that  little  air  remain- 
ing in  the  receiver,  being  too  faint  to  make  any  confiderable  refiftance  to 
the  feparation  of  the  upper  marble ; whence  the  hand,  that  drew  it  up, 
had  very  little  more  to  overcome,  than  the  fingle  weight  of  theftone. 

But  the  caufe  Mr.  Hobbs  affigns  for  this  phenomenon,  is  improbable  ; and 
a better  has  been  aftign’d  already.  For,  firft,  he  requires,  to  the  divulfi- 
onofthe  marbles,  a force  great  enough  tofurmount  the  hardnefs  of  the 
ftone.  But,  this  is  gratis  diflum  ; and,  it  feems  very  unlikely,  that  fo 
imall  a weight,  as  will  fuffice  to  feparate  two  coherent  marbles,  of  about 
an  inch,  for  inftance,  in  diameter,  fhould  be  able  to  furmount  the  hard- 
nefs of  fuch  folid  (tones,  - as  we  ufually  employ  in  this  experiment.  And, 
tho’  it  be  generally,  judg’d  more  eafy  to  break  a broader  piece  of  marble 
cceteris  paribus , than  a much  narrower  *,  yet,  neither  I,  nor,  I believe, 
Mr.  Hobbs , ever  obferv’d  any  difference  in  the  refiftance  of  marbles  to  fepa- 
ration, arifing  from  the  greater  or  lefs  thicknefs  of  the  ftones.  Yet,  I 
find,  by  conftant  experience,  that,  c ceteris  paribus,  the  broadnefs  of  the 
coherent  marbles,  exceedingly  increafes  the  difficulty  of  disjoining  them. 

But  Mr.  Hobbs , upon  the  fuppofition  of  the  world’s  plenitude,  illuftrates 
our  phenomenon,  by  drawing  afunder  the  oppofite  parts  of  a piece  of 
■wax:  a very  improper  inftance,  furely  ! For,  the  parts  to  be  divided  in 
the  wax,  are  of  a foft,  and  yielding  confidence,  and  according  to  him,  of 
a dueftile  nature  •,  and  not,  as  the  parts  of  the  coherent  marbles,  very  folid 
and  hard.  The  parts  of  the  wax,  alfo,  do  not  fti  k together,  barely,  by 
a fuperficial  contadt  of  two  fmooth  planes,  as  do  the  marbles  we  are 
fpeaking  of ; but  have  their  parts  intangled  with  one  another ; and,  there- 
fore they  are  are  far  from  a difpofition  to  flide  afunder,  like  the  marbles. 
Befides,  it  is  manifeft,  that’  the  air  has  opportunity  to  fucceed  in  the 
places  fucceflively  deferted  by  the  receding  parts  of  the  attenuated  wax: 
but  it  is  neither  manifeft,  nor  well  proved  by  Mr.  Hobbs , that  the  air,  after 
the  fame  manner,  fucceeeds between  the  two  marbles*,  which,  as  I lately 
noted,  are  not  forced  afunder,  after  fuch  a manner ^ but,  as  himfelf 
fpeaks,  fever’d,  in  all  their  points,  at  the  fameinftant. 

In  the  fecond  place,  a better  folution  of  the  phenomenon  has  been  al- 
ready given  from  the  prefiure  of  the  atmofphere,  upon  all  the  fuperficial 
parts  of  the  upper  marble,  except  thofe  that  touch  the  plane  of  thelo . er. 
And  to  fhew,  that  when  two  coherent  marbles  are  fuftained,  horizontally, 
in  the  air,  the  caufe  why  they  are  not  to  be  forc’d  afunder,  if  they  have 
two  or  three  inches  in  diameter,  without  the  help  of  a confiderable  weight, 
is  the  prefiure  of  the  ambient  air ; I caufed  two  fuch  coherent  marbles  to 
be  fufpended  in  a large  receiver,  with  a weight  at  the  lower,  that  might 
help  to  keep  them  fteddy  but  was  very  inconfiderable  ro  that  which 
their  cohefion  could  have  furmounted : then  caufing  the  air  to  be  pumped, 
by  degrees,  out  of  the  receiver,  the  marbles  long  ftuck  clofe  together  ; 
becaufe  during  that  time,  the  air  could  not  be  fo  far  exhaufted,  but  that 
there  remained  enough  to  fuftain  the  fmall  weight  which  endeavour’d  their 
divulfion.  But,  when  the  air  was  further  evacuated,  at  length,  the  fpring 
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of  the  little  expanded  air  that  remained,  being  grown  too  weak  to  fuftainPNFtmATICC 
the  lower  marble,  and  its  fmall  clog,  they  dropt  off*.  And  to  confirm 
my  explanation  of  our  phenomenon,  1 fhall  add,  that  as  this  trial,  which 
I had  feveral  times  occafion  to  repeat,  fhews  the  cohefion  of  our  two  con- 
tiguous marbles  would  ceafe,  upon  withdrawing  the  preflure  of  the  atmo- 
fphere  ; fo  by  another  experiment  it  appears,  that  fuch  a prefiiire  fufficed 
to  caufe  that  cohefion  ; for  having  found,  that  when  the  receiver  was  well 
exhaufted,  two  marbles,  tho*  conftderably  broad,  being  laid  upon  one 
another,  after  the  requifite  manner,  their  adhefion  became  fo  weak,  that 
the  upper  would  be  eafily  drawn  up  from  the  other,  we  laid  them  again 
one  upon  the  other  ; and  then  letting  the  external  air  flow  into  the  recei- 
ver, we  found  that  the  marbles  now  adhered  fo  well  together,  that  we 
could  not  raife  the  upper  without  the  lower. 

But  farther,  Mr.  Hobbs , in  arguing  againft  our  engine,  unjuftly  fup- 
pofes  the  whole  defign  of  it  to  be  the  proof  of  a vacuum  ; for  or  a- 
gainft  which  I have  never  yet  declared.  * 

Befldes,  he  feems  not  to  have  rightly  underflood,  or  at  leafl  not  to 
have  iufHciently  regarded,  in  what  chiefly  conflfts  the  advantage  which 
the  vacuifts  may  make  of  the  air-pump  againfl  him.  In  feveral  places  he 
is  very  follicitous  to  prove,  that  the  cavity  of  our  pneumatical  receiver  is 
not  altogether  empty  ; but  the  vacuifts  may  tell  him,  that  fince  he  aflferts 
the  abfolute  plenitude  of  the  world,  he  muft  rejefl,  not  only  great  va- 
cuities, but  alfo  thofe  very  fmall  and  interfperfed  ones,  which  they  fuppofe 
are  intercepted  between  the  folid  corpufcles  of  other  bodies,  and  particu- 


* The  moft  cautious  and  referv’d  philo- 
fopher  need  now  make  no  fcruple  to  after  t 
a vacuum.  Sir  Ifaac  Newton  has  furnifh’d 
us  with  feveral  arguments  which  are  deci- 
five  of  this  point.  Thofe  indeed  who  make 
the  eflence  of  matter  to  confift  in  exten- 
lion,  may  well  deny  a vacuum;  but  the 
nature  of  gravity,  which  is  proportionable 
to  the  matter,  or  folid  content  of  bodies, 
fully  demonftrates,  much  the  largeft  part  of 
the  univerfe  to  be  empty  fpace.  The  mo- 
tions of  the  comets  alfo  demonftrate  a va- 
cuum , for  thefe  move  in  all  manner  of 
planes  and  direClions,  thro’  the  vaft  cele- 
liial  fpaces,  without  any  fenftble  refiftance. 
The  vibrations  of  pendulums  confirm  the 
fame ; for  if  they  be  made  to  move  in  a 
fpace  free  from  air,  they  likewife  meet  with 
no  refiftance’;  and  therefore  there  is  no 
fenfible  matter  remaining  in  that  fpace.  If 
there  were  no  vacuum,  a projectile  in  the 
air,  or  in  a fpace  deftitute  of  air,  would 
move  as  flowly  as  in  quick-filver ; for  the 
refiftance  of  fluid  mediums  is  nearly  in  pro- 


portion to  their  denfity  ; and  it  is  a great 
miftake,  to  think  that  the  refiftance  of  pro- 
jectiles will  decreafe  in  infinitum , by  an  in- 
finite divifiop  of  the  parts  of  the  fluid  ; for 
it  is  plain  that  refiftance  cannot  be  confi- 
derably leflened  by  dividing  the  parts  of 
the  fluid.  For  why  ftiould  not  the  fame 
quantity  of  matter  have  the  fame  power  of 
refiftance,  when  divided  into  many  fubtile 
parts,  as  when  divided  into  a few  that  are 
larger  ? A fphere,  moving  in  a comprefled 
fluid  at  reft,  and  of  the  fame  denfity  with 
itfelf,  would  lofe  half  its  motion  before  it 
had  gone  twice  the  length  of  its  diameter. 

In  another  place  the  fame  great  philofo- 
pher  argues  thus : “ The  refiftance  of  wa- 
“ ter  arifes  principally,  and  almoft  entirely, 
“ from  the  Vis  inertia  of  its  matter  ; and 
“ by  confequence,  if  the  heavens  were  as 
“ denfe  as  water , they  would  not  have 
“ much  lefs  refiftance  than  water  ; if  as 
<c  denfe  as  quick-filver , they  would  not 
“ have  much  lefs  refiftance  than  quick- 

“ filver  ; 
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larly  of  the  air  •,  whence  it  would  not  confute  them  to  prove,  that  in  our 
receiver,  when  moft  thoroughly  exhaufted,  there  is  not  one  great  and  ab- 
folute  vacuity  ; or,  as  they  fpeak,  a vacuum  coacervatum  \ fmce  fmaller 
and  difleminated  vacuities  would  ferve  their  turn.  And  therefore  they  may 
think  their  pretenfions  highly  favour’d,  as  by  feveral  particular  effects,  fo 
by  this  general  phenomenon  of  our  engine,  that  the  common,  or  atmo- 
fpherical  air,  which,  before  the  pump  was  work’d,  poffcffed  the  whole  ca- 
vity of  our  receiver,  is,  by  the  contrivance  of  the  pump,  made  in  a great 
meafure  to  pafs  out  of  the  cavity  into  the  open  air,  without  being  able, 
at  leaft  for  a while,  to  get  in  again  ; yet  it  does  not  appear,  by  any  thing 
Mr.  Hobbs  has  alledg’d,  that  any  other  body  fucceeds,  adequately  to  fill 
the  fpaces  deferted  by  fuch  a multitude  of  aerial  corpufcles. 

And  tho’  he  endeavours  to  prove  our  receiver  to  be  always  full  of  air, 
yet  that  the  common  air  cannot  enter  thro’  the  pores  of  glafs,  appears 
by  the  following  experiment.  We  took  a bubble  of  thin  white  glafs, about 
the  bignefs  of  a nutmeg,  with  a very  {lender  ftem,  4 or  5 inches  long, 
and  of  the  thicknefs  of  a crow’s  quill ; and  holding  the  end  of  this  ftem 
in  the  flame  of  a lamp,  blown  with  a pair  of  bellows,  it  was  readily  feal’d 
up  *,  and  prefently  the  fpherical  part  of  the  glafs  being  held  by  the  ftem, 
was  kept  turning  in  the  flame,  till  it  became  red  hot,  and  ready  to  melt ; 
then  being  a little  removed  from  the  heat,  as  the  included  air  began  to 
lofe  of  its  agitation  and  fpring,  the  external  air  manifeftly  and  confidera- 
bly  preflfed  in  one  of  the  Tides  of  the  bubble.  But  the  glafs  being  again. 


“ filver  ; if  abfolutely  denfe,or  full  of  mat- 
r‘  ter,  without  any  vacuum,  let  the  matter 
“ be  never  fo  fubtile  and  fluid,  they  would 
r<  have  a greater  refiftance  than  quick-lilver. 
“ A folid  globe,  in  fuch  a medium,  would 
“ lofe  above  half  its  motion,  in  moving 
“ three  times  the  length  of  fts  diameter  ; 
“ and  a globe  not  folid,  fuch  as  are  the 
“ planets,  would  be  retarded  fooner.  And 
therefore  to  make  way  for  the  regular, 
“ and  lafting  motions  of  the  planets  and 
“ comets,  it  is  neceflary  to  empty  the  hea- 
“ vens  of  all  matter,  except  perhaps  fome 
“ very  thin  vapours,  fleams,  or  effluvia, 
“ arifing  from  the  atmofphere  of  the  earth, 
“ planets,  and  comets.  A denfe  fluid  can 
“ be  of  no  ufe  for  explaining  the  pheno- 
“ mena  of  nature,  the  motions  of  the  pla- 
“ nets  and  comets  being  better  explained 
without  it.  It  ferves  only  to  difturb  and 
“ retard  the  motions  of  thofe  great  bodies, 
“ and  make  the  frame  of  nature  languifh ; 
“ and  in  the  pores  of  bodies,  it  ferves  only 
“ to  flop  the  vibrating  motion  of  their 
*!  Parts*  wherein  their  heat  and  activity 


“ confifts.  And  as  it  is  of  no  ufe,  and 
“ hinders  the  operations  of  nature  , and 
“ makes  her  languifh ; fo  there  is  no  evi- 
“ dence  for  its  exiftence,  and  therefore  it 
“ ought  to  be  rejefted.” 

“ If  all  fpace  was  equally  full,  the  fpe- 
“ cific  gravity  of  the  fluid,  wherewith  the 
“ region  of  the  air  is  filled,  would,  by  rea- 
“ fon  of  the  vaft  denfity  of  its  matter,  be 
“ as  heavy  in  fpecie  as  quick-filver,  gold, 
“ or  any  other  the  mod  denfe  body  ; 
“ whence  neither  gold  , nor  any  other 
“ matter,  would  defcend  in  that  air;  for 
“ no  bodies  defcend  in  fluids,  that  are  not 
“ fpecificalJy  lighter  than  they.” 

It  is  farther  demonftrable,  that  all  bodies 
have  more  pores  than  folid  parts ; and  that 
fame  have  infinitely  more  pores  than  o- 
th'ers ; whence  arifes  another  proof  of  a 
vacuum.  See  Newton.  Optic,  p.  310,  31 1, 
&c.  Princip . p.316,317.  328.  342,  343. 
368. 
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before  the  cold  crack’d  it,  held,  as  before,  in  the  flame  ; the  rarified  air  PNEUMAT,ca 
diftended  and  plump’d  up  the  bubble  ; which,  being  the  fecond  time  re-  v 
mov’d,  was  a fecond  time  comprefs’d  ; and  being,  the  third  time,  brought 
back  to  the  flame,  fwell’d  as  before,  and  remov’d,  it  was  again  com- 
prefied;  till  at  length,  having  fatisfied  ourfelves,  that  the  included  air  was 
capable  of  being  condens’d,  or  dilated,  without  the  ingrefs  or  egrefs  of 
air,  properly  fo  called,  we  held  the  bubble  fo  long  in  the  flame, 
ftrenghtened  by  nimble  blafts,  that  not  only  it  had  its  Tides  plump’d  up, 
but  a hole  violently  broken  in  it,  by  the  over-rarified  air,  tho’  till  then, 
it  was  no  way  crack’d. 

Hence,  it  eafily  appears,  how  impervious  our  thick  pneumatic  recei- 
vers are  to  common  air  *,  fince  a thin  glafs  bubble,  when  its  pores  were 
opened,  or  relaxed  by  flame,  would  not  give  paflage  to  the  fpringy  par- 
ticles of  the  air,  tho’  violently  agitated  : for,  if  thefe  particles  could  have 
got  out  of  the  pores,  they  never  would  have  broke  the  bubble ; nor,  pro- 
bably, would  the  compreflion,  that  afterwards  enfued,  of  the  bubble,  by 
the  ambient  air,  be  check’d  near  fo  foon,  if  thofe  fpringy  corpufcles  had 
not  remained  within  to  make  refiftance. 

Yet,  what  I principally  defign’d,  in  this  experiment,  was  to  fhew,  and  ^bcNature  of 
prove  at  once,  by  an  inftance  not  liable  to  the  ordinary  exceptions,  th t^ndcondenfa- 
true  nature  of  rarifadlion,  and  condenfation,  at  leaft,  of  the  air : for,  ’tis  tion. 
here  plain,  that  when  the  bubble,  after  the  glafs  had  been  firft  thruft  in, 
towards  the  center,  was  expanded  again  by  heat,  the  included  air  pof- 
fefled  more  room  than  before  ; yet  it  could  perfectly  fill  no  more  room 
than  before ; each  aerial  particle  taking  up,  both  before  and  after  the  heat- 
ing of  the  bubble,  a portion  of  fpace  adequate  to  its  own  bulk:  fo  that 
in  the  cavity  of  the  expanded  bubble,  we  muft  either  admit  vacuities inter- 
fpers’d  between  the  corpufcles  of  the  air ; or  allow,  that  fome  fine  particles 
of  the  flame,  or  other  fubtile  matter,  came  in,  to  fillup  thofe  interftices; 
which  matter  muft  have  enter’d  the  cavity  of  the  glafs  at  its  pores.  And, 
afterwards,  when  the  red-hot  bubble  was  remov’d  from  the  flame,  it  is  evi- 
dent, that  fince  the  grofler  particles  of  the  air  could  not  get  thro’  the  glafs, 
which  they  were  unable  to  do,  even  when  vehemently  agitated  by  an  am- 
bient flame,  the  compreflion  of  the  bubble,  and  the  condenfation  of  air, 
neceflarily  confequent  upon  it,  cou’d  not,  fuppofing  the  plenitude  of  the 
world,  be  perform’d  without  fqueezing  out  fome  of  the  fubtile  matter, 
contained  in  the  cavity  of  the  bubble,  whence  it  could  not  iflue  but  at  the 
pores  of  the  glafs. 

Mr.  Hobbs  is  pleafed  to  compare  our  pneumatic  engine toa  pot-gun,  and  The  prejfure  of 
attributes  the  phenomena,  exhibited  in  the  exhaufted  receiver,  to  the  ex- 
panflve  endeavour  of  the  air  outwards:  I fhall,  therefore,  fhew,  that  thereof 
is,  in  our  exhaufted  receiver,  no  fuch  ftrong  endeavour  outwards,  as  he 
fuppofes  j but  that  the  weight  of  the  atmofpherical  air,  when  ’tis  not  re- 
filled by  the  counter- preflure  of  any  internal  air,  is  able  to  perform  what 
a weight  of  many  pounds  would  not  fufflce  for.  Glafs  not  being  a yield- 
ing body,  cannot,  by  the  alteration  of  its  figure,  from  an  external  uni- 
form 
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form  preffure,  fhew  when  filch  an  one  is  exercifed  upon  it •,  and  therefore 
inftead  of  a receiver  of  glafs,  we  provided  one  of  pewter,  and  applied  it 
to  the  engine  after  the  ufual  manner.  And  tho*  the  inverted  veffel,  by  rea- 
fon  of  its  ftiffnefs,  thicknefs,  and  the  convexity  of  its  fuperficies,  were 
ftrong  enough  to  have  fupported  a great  weight,  without  changing  its  fi- 
gure *,  yet  as  foon  as  by  an  exfudtion  or  two,  the  remaining  part  of  the  in- 
cluded air  was  brought  to  fuch  a degree  of  expanfion,  that  its  weakened 
fpring  was  able  to  afford  little  aftiftance  to  the  tenacity  and  firmnefs  of  the 
metal,  the  weight  of  the  pillar  of  the  incumbent  atmofphere,  prefently 
depreffed  the  upper  part  of  the  veffel * at  once  leffening  its  capacity,  and 
changing  its  figure  * fo  that  inftead  of  the  convex  furface,  it  gain’d  a con- 
cave one.  The  experiment  fucceeded  alfo  with  a common  pewter  porrin- 
ger. And  fometimes  I found  alfo,  that  the  veffel  would  be  thruft  in,  not 
at  the  top,  but  on  the  fide,  if  that  were  the  only  part  made  too  thin  to 
refift  the  external  preffure. 

Mr.  Hobbs  afterwards  proceeds  to  the  Torricellian  experiment,  which  he 
will  needs  have  performed  by  means  of  air  in  the  tube  ; and  attempts 
to  prove,  that  air  may  pafs  thro’  quick-filver,  becaufe  a blown  bladder, 
forcibly  detained  under  it,  will  of  itfelf  emerge,  when  the  detaining  force 
is  removed. 

This  I confefs  is  furprizing.  It  concern’d  Mr.  Hobbs  to  prove,  that  as 
much  air  as  was  difplaced  by  the  defcending  mercury,  did,  at  the  orifice 
of  the  tube,  immerfed  in  ftagnant  mercury,  invifibly  afcend  to  the  upper 
part  of  the  pipe  *,  and  he  tells  us,  that  a bladder  full  of  air  being  depref- 
ied  in  quick-filver,  will,  when  the  hand  that  depreffed  it  is  removed,  be 
fqueezed  up  by  the  very  weight  of  the  mercury  *,  whence  it  follows,  that 
air  may  penetrate  quick-filver.  But  who  ever  deny’d  that  air,  furrounded 
with  quick-filver,  may  thereby  be  fqueez’d  upwards?  And  fince  even 
very  finall  bubbles  of  air  may  be  feen  to  move  in  their  paffage  thro’  mer- 
cury, how  will  this  example  help  Mr.  Hobbs?  For  it  is  by  mere  accident 
that  the  air  included  in  the  bladder  comes  to  be  buoy’d  up,  becaufe  the 
bladder  itfelf  is  fo  * and  if  it  were  filled  with  water  inftead  of  air,  or  with 
ftone  inftead  of  water,  it  would  neverthelefs  emerge,  as  himfelf  confeffes, 
if  it  were  iron,  or  any  matter,  except  gold  ; becaufe  all  other  bodies  are 
lighter  in  fpecie  than  quick-filver.  But  fince  the  emerfion  of  the  bladder 
is  manifeft  enough  to  the  fight,  how  does  this  prove,  that  the  air  gets  into 
the  Torricellian  tube  invifibly,  fince  our  eyes  difcover  no  fuch  motion  of 
the  air,  which  muft  not  only  pafs  unfeen  thro’  the  fuftained  quick-filver, 
but  likewife  imperceptibly  dive,  in  fpite  of  its  comparative  lightnefs,  be- 
neath the  furface  of  the  ftagnant  mercury,  to  get  in  at  the  orifice  of  the 
ere&ed  tube. 

But  to  clear  up  this  matter*  having  made  the  Torricellian  experiment 
in  a ftrait  tube,  after  the  ordinary  manner,  we  took  a piece  of  fine  bladder, 
and  raffing  the  pipe  a little  in  the  ftagnant  mercury,  but  not  fo  high  as 
the  furface  thereof,  we  dextroufiy  convey’d  it  into  the  quick-filver,  fo  as 
to  be  apply’d  by  the  finger  to  the  immers’d  orifice  of  the  pipe,  without  let- 
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ting  the  air  get  into  the  cavity  of  it ; then  the  bladder  was,  cautioufly,  Pn 
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ty’d  very  tight  to  the  lower  end  of  the  pipe,  whofe  orifice  it  cover'd  be- 
fore, and  the  pipe,  being  now  (lowly  lifted  out  of  the  ftagnant  mercury, 
the  fuftain’d  quick-filver  appear’d  to  prefs,  but  very  lightly  upon  the 
bladder-,  being  fo  near  an  exa£t  equilibrium  with  the  atmofpherical  aiF, 
that  if  the  tube  were  but  a very  little  inclin’d,  whereby  the  perpendicu- 
lar gravitation  of  the  quick-filver  came  to  be  fomewhat  leflen’d,  the  blad- 
der would  immediately  be  driven  into  the  orifice  of  the  tube,  and  to  the 
eye,  plac’d  without,  appear  to  have  acquir’d  a concave  fuperficies,  inftead 
of  the  convex  it  had  before.  And,  when  the  tube  was  again  eredled,  the 
bladder  would  no  longer  appear  fuck’d  in,  but  be  again  fomewhat  protu- 
berant. And  if,  when  the  mercury  in  the  tube  was  made  to  delcend,  a 
little  below  its  ftation,  into  the  ftagnant  quick-filver,  the  piece  of  blad- 
der were,  at  the  juncture,  nimbly  and  dexteroufiy  apply’d,  as  before,  to 
the  immers’d  orifice,  and  faften’d  to  the  Tides  of  the  pipe*,  upon  lifting 
the  inftrument  out  of  the  ftagnant  mercury,  the  cylinder  of  quick-filver 
being  now  fomewhat  fhort  of  its  due  height,  was  no  longer  able  fully  to 
counterpoife  the  weight  of  the  atmofpherical  air;  which,  confequently, 
tho*  the  glafs  were  held  erect,  would  prefs  up  the  bladder  into  the  orifice 
of  the  tube,  and  caufe  a cavity,  fenfible  both  to  the  eye  and  touch. 

This  experiment  fully  (hews,  that  the  prefiure  of  the  external  air  is  able 
to  fuftain  a cylinder  of  twenty-nine  or  thirty  inches  of  mercury,  and,  up- 
on a fmall  diminution  of  the  gravity  of  that  ponderous  fluid,  to  prefs  it  up 
higher  into  the  tube.  But  a farther  ufe  may  be  made  of  it  againft  Mr.  Hobbs. 
Fot,  when  the  tube  is  again  eredled,  the  mercury  will  fubfide  as  low  as  at 
firft,  and  leave  as  great  a fpace,  as  formerly  was  left  deferted  at  the  top  ; 
into  which,  how  the  air  fhould  get  to  fill  it,  will  not  appear  eafy  to  them, 
who  know,  that  a bladder  will  rather  be  burft  by  air,  than  afford  it  paf- 
fage.  And  if  it  fhould  be  pretended,  either  that  fome  air  from  without 
had  got  thro’  the  bladder,  or  that  the  air  prefum’d  to  have  been,  juft  be- 
fore, included  between  the  bladder  and  the  mercury,  made  its  way  from  the 
lower  part  of  the  inftrument  to  the  upper  ; we  reply,  ’tis  no  way  likely 
that  it  fhould  pafs  all  along  the  cylinder  unperceiv’d  by  us ; fince  when 
there  are  really  any  aerial  bubbles,  tho*  fmaller  than  pins  heads,  they  are 
eafily  difcernible.  And,  in  our  cafe,  there  is  no  fuch  refiftance  of  the 
air  to  the  afcent  of  the  ftagnant  mercury,  as  Mr.  Hobbs  pretends  in  the  ' 
Torricellian  experiment,  made  after  the  ufual  way. 

But  further,  we  took  a cylindrical  pipe  of  glafs  clofed  at  the  upper  end, 
and  fo  long,  that  being  dexteroufiy  bent  at  fome  inches  diftance  from  the 
bottom,  the  fhorter  leg  was  made  parallel  to  the  longer.  In  this  glafs,  we 
found  an  expedient  to  make  the  Torricellian  experiment;  the  quick-filver 
in  the  fhorter  leg  ferving  inftead  of  the  ftagnant  portion  in  the  ufual  ba- 
rofcope;  and  that  in  the  longer  leg,  reaching  above  the  mercury  in  the 
fhorter  about  eight  or  nine  and  twenty  inches.  Then,  by  another  artifice, 
the  fhorter  leg,  into  which  the  mercury  did  not  rife  within  an  inch  of  the 
top,  was  fo  order’d,  that  it  could  in  a trice  be  hermetically  feal’d  up ; an 
Vol.  II.  X x xx  Inch 
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Pneumatics an  jnch  of  common  air  being  left  in  it,  without  difordering  the  mercury r 
and  having,  in  this  manner,  ftiut  up  fuch  a quantity  of  uncomprefs’d  air, 
we  warily  held  a pair  of  heated  tongs  near  the  outfide  of  the  glafs,  where- 
by, the  air  being  agitated,  was  enabled  to  expand  itfelf  to  double  its  for- 
mer dimenfions  ; and  confequently  had  its  fpring  fo  ftrengthen’d,  that  it 
was  able  to  raife  all  the  quick-filver  in  the  longer  leg,  and  fuftain  a mer- 
curial cylinder  above  nine  and  twenty  inches  high ; when,  were  it  not  for 
the  heat,  it  would  have  loft  half  the  force  of  its  elafticity. 

Now  Mr.  Hobbs  will  find  it  very  difficult  to  fhew,  what  keeps  the  mer- 
cury fufpended  in  the  longer  leg  of  fuch  a barometer,  when  the  fhorter  leg 
is  unftopp’d,  at  which  it  may  run  out  *,  fince  this  inftrument  is  portable. 
And  when  the  fhorter  leg  is  feal’d,  it  will  be  very  hard  for  Mr.  Hobbs  to 
fhew  there  the  odd  motions  of  the  air,  to  which  he  afcribes  the  Torricellian 
experiment.  For  if  you  warily  incline  the  inftrument,  the  quick-filver  will 
rife  to  the  top  of  the  longer  leg,  and  immediately  fubfide,  when  the  inftru- 
ment is  again  e reded’;  and  yet  no  air  appears  to  pafs  thro*  the  quick-filver 
interpos’d  between  the  ends  of  the  longer,  and  the  fhorter  leg.  But  that 
which  I would  chiefly  take  notice  of  in  this  experiment,  is,  that  upon  the 
external  application  of  a hot  body  to  the  fhorter  leg,  when  feal’d  up,  the 
included  air  was  expanded  from  one  inch  to  two  ; and  fo  rais’d  the  whole 
cylinder  of  mercury  in  the  longer  leg  ; and  whilft  the  heat  continu’d  un- 
diminifh’d,  kept  it  from  fubfiding  again.  For  if  the  air  were  able  to  ger, 
unfeen,  thro’  the  body  of  the  quick-filver,  why  had  it  not  been  much 
more  able,  when  rarify’d  by  heat,  to  pafs  thro’  the  quick-filver,  than  for 
want  of  doing  fo,  to  raife  and  fuftain  fo  great  a weight  of  mercury  ? 

How  water  The  laft  thing  attempted  by  Mr.  Hobbs.,  in  his  problems,  is  to  account 
comes  toafeend  for  the  rjfe  Df  water  into  a vial  plung’d  therein,  with  the  mouth  downwards, 
their  ^ a^ter  f°me  air  has  been  fuck’d  out  of  it:  where  he  demands,  upon  fuppo- 
air  is  drawn  hnga  Vacuum,  and,  confequently,  interfpers’d  vacuities  in  the  air  of  the 
out.  vial,  “ how  it  happens,  that  the  water  would  not  afeend  before  the  fusi- 

on was  made?  ” To  this  the  vacuifts  will  eafily  anfwer,  by  acknowledging, 
that  there  were,  indeed,  interfpers’d  vacuities  in  the  air  contain’d  in  the 
vial  before  the  futtion;  but  adding  that  there  was  no  reafon  why  the  water 
fhould  afeend  to  fill  them,  becaufe,  being  a heavy  body,  it  cannot  rife  of 
itfelf,  but  muft  be  rais’d  by  fome  prevalent  weight  or  preflure,  which  was 
then  wanting.  Befides,  there  being  interfpers’d  vacuities,  as  well  in  the 
reft  of  the  air  that  was  very  near  the  water,  as  in  that  contain’d  in  the 
vial,  there  is  no  reafon  why  the  water  fhould  afeend  to  fill  the  vacuities 
of  one  portion  of  air,  rather  than  that  of  another.  But  when  once,  by 
fuftion,  many  of  the  aerial  corpufcles  were  made  to  pafs  out  of  the  vial, 
the  fpring  of  the  remaining  air  being  weaken’d,  whilft  the  preflure  of  the 
ambient  air,  which  depends  upon  its  conftant  gravity,  is  undiminifh’d,  the 
fpring  of  the  internal  becomes  unable  to  refift  the  weight  of  the  external 
air  ; which  is  therefore  able  to  impel  the  interpos’d  water,  with  fome  vio- 
lence, into  the  cavity  of  the  glafs,  till  the  air,  remaining  in  that  cavity, 
being  reduced  almoft  to  its  ufual  denfity,  is  able,  by  its  fpring,  and  the 

weight 
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weight  of  the  water  got  up  into  the  vial,  to  hinder  any  more  from  afcend-  Pneumatic« 

ing.  For,  as  to  what  Mr.  Hobbs  affirms,  that  “ the  perfon, -who  fucks 

iC  the  vial,  draws  nothing  into  his  ftomach,  lungs  or  mouth  ” how  he 

will  reconcile  this  with  what  he  elfewhere  delivers  about  fudtion,  I leave 

him  to  confider.  I cannot,  however,  but  wonder  at  his  confidence,  who 

can  pofitively  aflert  a thing  fo  repugnant  to  the  common  fentiments.  of 

men  of  all  opinions,  without  offering  any  proof  for  it.  But,  I fuppofe, 

they  who  are,  by  trial,  acquainted  with  fudion,  and  have  felt  the  air 

come  in  at  their  mouth,  will  prefer  their  own  experience  to  his  authority. 

And  as  to  what  he  adds,  that  the  perfon  who  fucks  agitates  the  air,  and 
turns  it  within  the  vial  into  a kind  of  circulating  wind,  that  endeavours 
every  where  to  get  out  ; I wifh  he  had  (hewn  us,  by  what  means  a man  in 
fucking  makes  this  odd  commotion  in  the  air,  efpecially  in  fuch  vials  as  I 
employ  about  this  experiment,  the  orifice  whereof  is  fometimes  lefs  than 
a pin’s  head. 

But  that  real  air  may  be  extraded,  by  fudion,  out  of  a glafs,  appears 
by  an  experiment  made  with  a receiver  exhaufted  by  our  pump ; and, 
confequently  by  fudion.  For,  when  we  had  counterpois’d  it  in  very  nice 
fcales,  and,  afterwards,  by  turning  a ftop-cock,  let  in  the  outward  air, 
there  ruffi’d  in  as  much  to  fill  the  fpace  deferted  by  the  evacuated  air,  as 
weigh’d  fome  fcruples,  tho’  the  receiver  were  not  of  the  largeft  fize. 

Mr.  Hobbs  pretends,  that  as  foon  as  the  neck  of  the  vial  is  unftopt  un- 
der water,  the  air  that  whirl’d  about  before,  makes  a fally  out,  and  forces 
in  as  much  water.  But  if  the  orifice  be  any  thing  large,  you  will,  inftead 
of  feeling  an  endeavour  to  thruft  away  your  finger  that  ftopt  it,  find  the 
pulp  of  it  fo  thruft  inward,  as  to  appear  to  be  fuck’d  in.  And  this  may 
be  the  reafon  why  the  lip  of  him  who  fucks,  is  often  ftrongly  faften’d  to 
the  orifice  of  the  vial’s  neck;  which  Mr.  Hobbs  afcribes  to  a moft  exquifite 
contad,  but  without  clearly  telling  us  how  that  extraordinary  contad  is 
effeded.  And,  when  your  finger  is  remov’d,  inftead  of  perceiving  any 
air  go  out  of  the  vial  thro*  the  water ; which,  if  any  fuch  thing  happen’d, 
would  eafily  be  difcover’d  by  the  bubbles  ; you  ffiall  fee  the  water  brifkly 
fpring  up  in  a (lender  dream  to  the  top  of  the  vial ; which  it  could  not  do, 
if  the  cavity  were  already  full  of  air.  And,  to  prove  when  the  air  really 
pafies  in  and  out  of  the  vial  immers’d  under  water,  that  ’tis  very  eafy  to 
perceive  its  motions  •,  if  you  dip  the  neck  of  the  vial  in  water,  and  then 
apply  to  the  globular  part  of  it,  either  your  warm  hands,  or  any  other 
competent  heat ; the  internal  air  being  rarify’d,  a portion  of  it,  anfwer- 
able  to  the  degree  of  heat  apply ’d,  will  manifeftly  pafs  thro’  the  water  in 
fuccefiive  bubbles,  whilft  yet  no  water  gets  into  the  vial  to  fill  the  place 
deferted  by  that  air.  And  if,  when  you  have  fill’d  the  neck,  and  part  of 
the  belly  of  the  vial  with  water,  you  immerfe  the  orifice  into  fome  that  is 
ftagnant,  and  apply  your  warm  hands  to  the  fpherical  part  as  before ; 
the  water  in  the  vial  will  be  driven  out,  before  any  bubbles  pafs  out  of  the 
vial  into  the  furrounding  water ; which  (hews,  that  the  air  is  not  fo  for- 
ward to  dive  under  water,  as  Mr.  Hobbs  fuppofes. 

X x x x 2 But 
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®ut  to  cIear  up  l^1S  matter  ^ farther,  we  took  a glafs  bubble  with  a 
(lender  cylindrical  (tern,  and  by  applying  a convenient  heat  to  the  outfide 
of  the  ball,  we  expelPd  fo  much  of  the  air,  that,  when  the  end  of  the 
pipe  was  dipt  in  water,  and  the  inward  air  had  time  to  recover  its  former 
coolnefs,  the  water  afcended  to  the  top  of  the  pipe.  This  done,  we  gent- 
ly'and  warily  rarify’d  the  air  in  the  cavity  of  the  bubble,  till,  by  its  ex- 
panfion,  it  had  driven  out  almoft  all  the  water,  which  had  got  up  into  the 
(fern;  fo  that  it  might  attain,  as  near  as  pofiible,  to  that  degree  of  heat 
and  meafure  of  expanfion  it  had  when  the  water  began  to  rife  in  it.  And 
we  left  two  or  three  drops  of  water,  unexpeird,  at  the  bottom  of  the 
pipe  ; to  be  fare,  that  none  of  the  included  air  was,  by  this  fecond  rari- 
fa&ion,  driven  out  at  the  orifice  of  it:  as  the  depreflion  of  the  water  fo 
low  allured  us,  on  the  other  fide,  that  the  included  air  -wanted  nothing 
confiderable  of  the  expanfion  it  had  when  the  water  began  to  afcend  into 
the  pipe.  Whilft  the  air  was  in  this  rarify’d  (late,  we  prefendy  remov’d 
the  little  inftrument,  out  of  the  ftagnant  water,  into  ftagnant  quick-fil- 
ver,  which,  in  a (hort  time,  began  to  rife  in  the  pipe.  Now,  if  the  af- 
cent  of  the  liquor  were  the  effedt  of  nature’s  abhorrence  of  a Vacuum , or 
of  fome  internal  principle  of  motion,  or  of  the  comprefiion  or  propaga- 
ted trufion  of  the  outward  air,  by  that  which  had  been  expell’d;  why 
(hould  not  the  mercury  have  afcended  to  the  top  of  the  pipe,  as  the  wa- 
ter did  before  ? But,  in  fadl,  it  did  not  afcend  near  half  fo  far  ; and  if  the 
pipe  had  been  long  enough,  as  well  as  ’twas  (lender  enough,  I queftion, 
whether  the  mercury  would  have  afcended,  in  proportion  to  the  length 
of  the  (tern,  half  fo  high  as  it  did. 

Now,  of  this  experiment,  which  we  try’d  more  than  once,  I fee  not 
how  any  good  account  can  be  given  without  our  hypothefis,  according  to 
which  ’tis  clear;  for  the  afcent  of  liquors,  being  an  effedt  of  the  prevalen- 
cy of  the  external  air's  preflure  againft  the  refiftance  it  meets  with  in  the 
cavity  of  the  inftrument,  and  the  quick- filver  being  bulk  for  bulk  many 
times  heavier  than  water  ; the  fame  furplus  of  prefture  that  was  able  to 
impel  up  water  to  the  top  of  the  pipe,  ought  not  to  be  able  to  impel  up  the 
quiclofilver  to  any  thing  near  that  height.  And  if  it  be  here  objected, 
as  it  very  plaufibly  may,  that  the  rais’d  cylinder  of  mercury  was  much 
longer  than  it  ought  to  have  been,  with  regard  to  a cylinder  of  water,  the 
proportion  in  gravity  between  thofe  two  fluids  being  confider’d  ; I anfwer,. 
that  when  the  cylinder  of  water  reach’d  to  the  pipe,  the  air  pofiefied  no 
more  than  the  cavity  of  the  fpherical  part  of  the  inftrument ; being  very  lit- 
tle afiifted  to  dilate  itfelf  by  lo  light  a cylinder  as  that  of  water : but  when 
the  quick-lilver  came  to  be  impell’d  into  the  inftrument,  by  the  weight  of 
the  external  air ; that  ponderous  bjdy  did  not  ftop  its  afcent,  as  foon  as  it 
came  to  be  equiponderant  to  the  expell’d  cylinder  of  water  ; becaufe  to 
attain  that  height  it  reach’d  but  a little  way  into  the  pipe,  and  left  all 
the  reft  of  the  cavity  to  be  fill’d  with- part  of  that  air,  which  former- 
ly was  all  (hut  up  in  the  bubble  ; by  which  means,  the  air  included  in 
the  whole  inftrument  muft  needs  be  in  a ftate  of  expanfion,  and 

& thereby 
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thereby  have  its  fpring  weaken’d,  and,  confequently,  difibled  to  refill 
the  preflure  of  the  external  air,  as  much  as  the  fame  included  air  did  be- 
fore,  when  it  was  lefs  rarified:  on  which  account,  the  undiminifhed  weight 
or  preflure  of  the  external  air  was  able  to  raife  the  quick-filver  gradually 
higher,  till  it  had  obtained  that  height,  at  which  the  preflfure,  compound- 
ed of  the  weight  of  the  mercurial  cylinder,  and  the  fpring  of  the  internal 
air,  now  lefs  rarified  than  before,  was  equivalent  to  the  preflure  of  the 
atmofphere. 

And,  to  confirm  this  experiment,  by  a kind  of  inverfion  of  it,  we,  by 
heat,  drove  a little  air  out  of  the  bubble,  and  dipt  the  open  end  of  the 
pipe  into  quick-filver,  which,  by  the  this  means,  afeended,  till  it  had  fill* 
ed  about  a fourth  part  of  the  pipe  when  held  eredt.  Then,  carefully,  re- 
moving it,  without  letting  fall  any  quick-filver,  or  letting  in  any  air, 
we  held  the  orifice  of  the  pipe  a little  under  the  furfaceof  a glafs  full  of 
water  ; and  applying  a moderate  heat  to  the  outfide  of  the  ball,  we  wa- 
rily expelled  the  quick-filver,  yet  leavinga  little,  to  be  fure,  that  no  air 
was  driven  out  with  it  *,  then  fuffering  the  included  air  to  cool,  the  exter- 
nal made  the  water,  not  only  afeend  to  the  very  top  of  the  pipe,  and 
thence  fpread  itfelf  a little  into  the  cavity  of  the  ball , but  carried  up 
before  it,  the  quick-filver  that  had  remained  unexpelled  at  the  bottom  of 
the  flem.  And,  if,  in  making  the  experiment,  we  firfl  rais’d,  as  we 
fometimetimes  did,  a greater  quantity  of  quick-filver,  and  afterwards, 
drove  it  out  > the  quantity  of  water  that  would  be  impelled  into  the  ca- 
vity of  the  pipe,  and  ball,  was  accordingly  increafed. 

In  this  experiment,  it  is  manifeft,  that  fomething  is  driven  out  of  the 
cavity  of  the  gla  fs,  before  the  water  or  quick-filver  begins  to  afeend  in  k- 
And  here,  alio,  we  fee  not,  that  the  air  can  pafs  thro’  the  pores  of  quick- 
fllver  or  water,  but  that  it  drives  them  on  before  it,  without  eafily  mixing 
with  them.  And  there  appears  no  circular  wind,  as  Mr.  Hobbs  fancies  in 
the  fucked  vial,  nor  any  tendency  outwards  of  the  included  air,  upon  the 
account  of  fuch  a wind:  but  that  inftead  of  thefe,  the  afeent  of  the  li- 
quors into  the  cavity  of  the  pipe,  depends  upon  the  external  air  prefling 
them  up,  appears  from  hence,  that  the  fame  weight  of  the  atmofphere, 
impel  I’d  into  the  pipe  fo  much  more  of  the  lighter  fluid,  water,  than  of 
the  heavier,  mercury. 

And  that  there  is  no  need  of  the  Tallying  of  air  out  of  a vial  to  make 
the  atmofpherical  air  prefs  againft  a body  that  clofes  the  orifice  of  it, 
when  the  preflure  of  the  internal  air  is  much  weakened,  I have  fhewn,  by 
fucking  out,  by  the  help  of  an  inftrument,  a confiderable  portion  of 
* the  air  contained  in  a glafs:  for  having  then,  inftead  of  unftopping  the 
orifice  under  water,  fuddenly  apply’d  a flat  body  to  it,  the  external  air 
prefs’dthat  body  fo  forcibly  againft  it,  as  to  keep  itfaften’d  and  fufpended, 
tho’  it  were  clogged  with  a weight  of  many  ounces.  Or  if  there  be  fuch  a 
circular  wind,  as  Mr.  Hobbs  pretends,  produced  by  fudtion,  in  the  cavity 
of  the  vial,  it  muft  needs  be  ftrangely  lafting.  For  I have  feen  more  than 
en.ee,,  that  when,  by  an  inftrument,  much  air  has  been  fucked  out  of  a. 
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5 vial,  which  was  afterwards  carefully  clofed,  and  thus  kept  for  fome 
months;  yet,  when  ’twas  open’d  underwater,  a convenient  quantity  of  li- 
quor would  be  brifkly  imped’d  up  into  the  neck  and  belly  of  the  vial. 

And,  having  with  the  fun-beams  produced  fmoke  in  one  of  thofe  well- 
ftopp’d  vials ; this  circular  wind  did  not  at  all  appear  to  blow  it  about, 
but  fuffer’d  it  to  rife,  as  it  would  have  done,  if  the  included  air  had  been 
very  calm. 

I fliall  add  but  one  experiment  more,  which  will  not  be  liable  to  fome 
of  the  obje<5tions,  invalid  as  they  are,  that  Mr.  Hobbs  has  alledg’d  in  his 
account  of  the  fuck’d  vial ; and  which  will  fhew,  that  the  weight  of  the 
atmofphere  is  a very  confiderable  thing  ; and  alfo,  that  whilft  Mr.  Hobbs 
does  not  admit  a more  fubtile  matter  than  common  air  to  pafs  thro’  the 
pores  of  clofe  and  folid  bodies ; the  air  he  has  recourfe  to,  will  fometimes 
come  too  late  to  prevent  a Vacuum . Having  caus’d  an  aeolipile  very  light, 
confidering  its  bulk,  to  be  made  by  a famous  artift,  I had  occafion  to  put 
it  fo  often  into  the  fire,  for  feveral  trials,  that  the  copper  fcal’d  off  by 
degrees  and  left  the  vefiel  much  thinner  than  when  it  firft  came  out  of  the 
artificer’s  hands;  and  now,  after  a long  interval,  I had  occafion  to  em- 
ploy it,  as  formerly,  to  weigh  the  air  it  would  contain.  To  make  this 
experiment  the  more  exaftly,  the  air  was,  by  a ftrong  fire,  carefully  dri- 
ven away ; when  clapping  a piece  of  fealing-wax  to  the  pin-hole,  at  which 
it  had  been  forced  out,  we  prevented  a communication  betwixt  the  cavity 
of  the  inftrument,  and  the  external  air  •,  and  fuppofing  the  aeolipile  to  be 
very  well  exhaufted,  we  laid  it  by,  that  when  it  fhould  be  grown  cold, 
we  might,  by  opening  the  orifice  again,  let  in  the  outward  air,  and  ob- 
ferve  what  increafe  of  weight  it  would  make.  But  the  inftrument  had 
been  fo  far  exhaufted,  that  what  air  remained,  being  unable  by  its  fpring 
to  afiift  the  aeolipile  to  fupport  the  weight  of  the  furrounding  air;  this  ex- 
ternal fluid  did,  by  its  weight,  fo  ftrongly  comprefs  it,  and  thruft  it  fo 
confiderably  inwards,  and,  in  more  than  one  place,  fo  change  its  figure, 
that  when  I (hewed  it  to  the  Gentlemen  aflembled  at  Grejham  College, 
they  were  pleafed  to  command  it  of  me,  to  be  kept  in  their  repofitory. 
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Caufe  of  Attraction 


SUCTION. 


SUCTION  being  generally  look’d  upon  as  a kind  of  attraClion,  ^ Nature  of 
it  will  be  requifite  to  premife  fomething  about  the  latter,  in  order  Attrattion .. 
to  clear  the  nature  of  the  former.  The  caufe,  nature,  and  notion 
of  attraction,  are  generally  either  left  untouch’d,  or  happen  to  be  but 
very  obfcurely  delivered. 

How  general  and  ancient  foever  the  common  opinion  may  be,  that  at- 
traction is  a kind  of  motion  quite  different  from  pulfion,  I confefs  it  feems 
to  me  a fpecies  of  pulfion,  at  lealt  among  inanimate  bodies.  I have  not 
yet  obferved  any  thing  which  fhews  attraction  cannot  be  reduced  to  pul- 
fion ; for  they  feem  but  extrinfieal  denominations  of  the  fame  local  mo- 
tion, in  which,  if  a moved  body  precede  the  movent,  or  tend  to  get  at  a 
greater  diftance  from  it,  we  call  it  pulfion  ; and  if,  upon  account  of  the 
motion,  the  fame  body  follow  the  movent,  or  approach  to  it,  attraction. 

But  this  difference  may  confift  only  in  an  accidental  refpeCt,  which  does 
not  phy (ically  alter  the  nature  of  the  motion,  but  is  founded  upon  the  re- 
fpeCt which  the  line,  wherein  the  motion  is  made,  happens  to  have  to  the 
fituation  of  the  movent.  And  that  which  feems  to  have  been  the  chief 
caufe  of  miftaking  attraction,  for  a motion  oppofite  to  pulfion,  is,  that 
■men  look  upon  both  the  moving,  and  moved  bodies,  in  a popular  and  fu- 
perficial  manner  ; and  confider  in  the  movent,  rather  the  fituation  of  the 
confpicuous,  and  more  bulky  part  of  the  agent,  than  the  fituation  of  that 
part  of  it  which,  immediately  impreffes  the  motion  upon  the  mobile. 

Whoever 
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Pneumatics  Whoever  attentively  regards  this,  may  eafily  obferve,  that  Tome  part 
0f  the  body,  or  of  the  inftrument,  which,  by  reafon  of  their  conjunction 
in  this  operation,  is  to  be  look’d  on  as  but  making  one  with  it,  is  really 
placed  behind  fome  part  of  the  body  to  be  drawn  ; and  therefore  cannot 
move  onwards  itfelf,  without  thrufting  the  body  forward.  Thus  when  a 
man  draws  a chain  after  him,  tho*  his  body  precede  the  chain,  yet  his 
finger,  or  fome  other  part  of  the  hand,  wherewith  he  draws  it,  has  fome 
part  or  other  which  reaches  behind  the  fore-part  of  the  firft  link  *,  and 
the  hinder  part  of  this  link  comes  behind  the  firft  part  of  the  fecond 
link  ; and  fo  each  link  has  one  of  its  parts  placed  behind  fome  part  of 
the  next  link  after  it,  till  you  come  to  the  laft  link  of  all.  And  fo 
as  the  finger  that  is  in  the  firft  link,  cannot  move  forwards  but  it  muft 
thruft  on  that  link,  by  this  feries  of  trufions  the  whole  chain  is  thruft 
forwards  ; and  if  any  other  body  be  drawn  by  that  chain,  you  may 
perceive  fome  part  of  the  laft  link  comes  behind  fome  part  of  that  body, 
or  of  fome  intervening  body,  which,  by  its  cohefion  with  it,  ought,  in 
our  prefent  cafe,  to  be  confidered  as  part  of  it.  And  thus  attraction 
feems  to  be  but  a fpecies  of  pulfion,  and  ufually  belongs  to  that  kind 
of  it,  which,  for  diftinction  lake,  is  called  trufion  ; whereby  we  un- 
derftand  that  kind  of  pulfion,  wherein  the  movent  goes  along  with  the 
moved  body,  without  quitting  it,  whilft  the  progrels  lafts ; as  happens 
in  propelling  a wheel-barrow,  without  letting  go  the  hold  of  it. 

But  it  may  be  faid,  there  are  attractions  where  it  cannot  be  pretended 
that  any  part  of  the  attrahent  comes  behind  the  attracted  body  ; as 
in  magnetical  and  eleCtrical  attractions ; and  in  that  which  is  made  of 
water,  when  drawn  up  into  fprings  and  pumps.  Now  the  Cartefians , 
and  other  modern  philofophers,  have  recourfe  either  to  fcrew’d  parti- 
cles, and  other  magnetical  emifiions,  to  folve  phenomena  of  this  kind  ; 
and  according  to  fuch  hypothefes’,  we  may  lay , that  many  of  thefe 
magnetical  and  eleCtrical  effluvia,  come  behind  fome  parts  of  the  at- 
tracted bodies  ; or  at  le-aft  of  the  little  folid  particles,  that  are,  as  it 
were,  the  walls  of  their  pores  *,  or  procure  fome  difcufflon  of  the  air,  that 
may  make  it  thruft  the  moveable  towards  the  load-ftone,  amber,  &c. 
But  if  there  were  none  of  thefe,  nor  any  other  fubtile  agents,  to  caufe  this 
motion,  by  a real,  tho’  unperceived  pulfion,  I fhould  make  a diftinCtion 
betwixt  other  attractions,  and  thefe  which  I fnould  then  call  attractions 
by  invifibles.  However,  in  raifing  water  into  the  barrel  of  a fyringe, 
there  is  no  true  attraction  made  of  the  liquor.  For  by  the  afcending 
rammer,  as  a part  of  which  I here  confider  the  obtufe  end,  plug,  or  fuck- 
er, there  is  no  attraction  made  of  the  contiguous  and  fubjacent  water, 
but  only  room  made  for  it  to  rife  into,  without  being  expofed  to  the 
prefiure  of  the  fuperior  air.  For  if  we  fuppofe  the  whole  rammer  to 
be  annihilated , and  confequently  incapable  of  exercifing  any  attra- 
ction *,  yet , provided  the  fuperior  air  were  kept  off  from  the  water, 
by  any  other  way,  as  well  as  it  was  by  the  rammer,  the  liquor  would 
as  well  afcend  into  the  cavity  of  the  barrel  j fince  the  furface  of  the 

terra- 


The  Nature  of  SuSiion  explained.  713 

terraqueous  globe,  being  continually  prefs*d  on  by  the  incumbent  atmo-  pNIUMAT,« 

fphere,  the  water  muft,  by  that  prefiure,  be  impelled  into  any  cavity, 

here  below,  where  there  is  no  air  to  refill  it;  as,  by  fuppofition,  there  is 

not,  in  the  barrel  of  our  fyringe,  when  the  rammer  was  annihilated.  Thus, 

if  the  external  air,  and  confequently,  its  prefiure,  be,  by  the  air-pump, 

withdrawn  from  about  the  fyringe,  you  may  raife  the  fivcker  as  much  as 

you  pleafe ; but  none  of  the  fubjacent  water  will  follow.  In  ffiort,  let 

us  fuppofe,  that  a man,  Handing  in  an  inner-room,  does,  by  his  utmoft 

refiftance,  keep  fhut  a door,  that  is  neither  lock’d,  nor  latch’d,  againft 

another,  who,  with  equal  force,  endeavours  to  thruft  it  open  ; in  this 

cafe,  if  one  fhould  forcibly  pull  away  the  firfb  man,  it  could  not  be  faid, 

that  he,  by  his  recefs  from  the  door  he  endeavoua’d  to  prefs  outward,  did 

truly  and  properly  draw  in  his  antagonift,  tho’,  upon  that  recefs,  the 

coming  in  of  his  antagonift,  would  prefently  enfue ; fo  it  cannot,  properly, 

be  faid,  that  by  the  afcentof  the  rammer,  which  difplaces  the  fuperior 

air,  either  the  rammer  itfelf,  or  the  expell’d  air,  properly  attra&s  the 

fubjacent  water,  tho’  the  ingrefs  of  that  liquor,  into  the  barrel,  thereupon 

neceflarily  enfues.  And  that,  as  the  comparifon  fuppofes,  there  is  a pref- 

fure  of  the  fuperior  air  againft  the  upper-part  of  the  fucker,  may  be  ea- 

fily  perceiv’d,  if,  having  well  flopp’d  the  lower  orifice  of  the  fyringe 

with  your  finger,  you  forcibly  draw  up  the  fucker  to  the  top  of  the  barrel  * 

for,  if  then  you  let  go  the  rammer,  you  will  find  it  impell’d  downwards, 

by  the  incumbent  air,  with  a confiderable  force. 

Having  thus  premis’d  fomething,  in  general,  about  the  nature  of  at- 
traction, as  far  as  it  is  neceflary  for  my  prefent  defign,  we  may  proceed 
to  the  confideration  of  that  kind  of  it,  employ’d  to  raife  liquors,  which 
is,  by  a diftindl  name,  called  fu6lion. 

About  the  caufeof  this  there  is  great  contention,  between  the  modern  ( aureof 

philofophers,  and  the  Peripatetics . The  former  afcribe  the  afcent  of  li  - fu  ft  ion  in^uir- 
quors,  upon  fucftion,  to  nature’s  abhorrence  of  a vacuum:  for,  fay  they,  ed  into. 
when  a man  dips  one  end  of  a ftraw,  or  reed,  into  ftagnant  water,  and 
fucks  at  the  other,  the  air  contained  in  the  cavity  of  the  reed,  pafles  into 
that  of  his  cheft ; and,  confequently,  the  reed  would  be  left  empty,  if  no 
other  body  fucceeded  in  the  place  it  deferts : but  there  are  only  two  bodies 
that  can  fucceed,  the  air,  and  the  water  •,  now  the  air  cannot  do  it,  be- 
caufe  of  the  interpofition  of  the  water,  that  denies  it  accefs  to  the  immer- 
fed  orifice  of  the  reed  ; and,  therefore,  it  muft  be  the  water  itfelf,  which, 
accordingly,  afcends  to  prevent  a vacuum,  abhorr’d  by  nature. 

But  many  of  the  modern  philofophers  look  upon  this  Fuga  vacui  as  an 
imaginary  caufe  of  fudlion.  Theatomifts,  who  willingly  admit  vacuities, 
properly  fo  called,  both  within  our  world,  and  out  of  it,  cannot  think 
that  nature  dreads  a vacuum,  and  declines  her  ufual  courfeto  prevent  it. 

And  the  Cartefians , tho’  they,  as  well  as  the  Peripatetics , deny  a vacuum, 
yet,  fince  they  affirm,  not  only  that  there  is  none  in  nature,  but  that  there 
can  be  none,  they  will  not  grant  nature  to  be  fo  indifcreet,  as  to  ftrain  her 
felf  to  prevent  the  making  of  a thing  that  is  impofiible  to  be  made. 
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Pneumatic*  The  Peripatetic  opinion,  about  the  caufe  of  fudlion,  though  commonly 
defended  by  the  fchools,  as  well  modern  as  ancient,  fuppofes  in  nature 
fuch  an  abhorrence  of  a vacuum,  as  neither  has  been  well  prov’d,  nor  a- 
grees  with  the  late  phenomenon  of  fudlion : fince,  according  to  their  hypo- 
thefis,  water,  and  other  liquors,  fhould  afcend,  upon  fudlion,  to  any  height, 
to  prevent  a vacuum,  which  yet  is  not  agreeable  to  experience.  For,  I 
have  carefully  tried,  that  by  working  a pump,  far  more  ftanch  than  thofe 
that  are  ufually  made,  and,  indeed,  as  well  clos’d  as  we  could  poflibly 
bring  it  to  be,  we  could  not,  by  all  our  endeavours,  raife  water  by  fudlion 
to  above  33  \ feet.  The  Torricellian  experiment  (hews,  that  the  weight 
of  the  air  is  able  to  fuftain,  and  fomc  of  our  experiments  fhew,  ’tis  able 
to  raife  a mercurial  cylinder,  equal  in  weight,  to  as  high  a cylinder  of  wa- 
ter, as  we  were  able  to  raife  by  pumping.  For,  mercury  being  near  14 
times  as  heavy  as  water,  of  the  fame  bulk,  if  the  weight  of  the  air  be 
equivalent  to  that  of  a mercurial  cylinder  of  29,  or  30  inches,  it  muft  be 
able  to  counterpoife  a cylinder  of  water,  near  14  times  as  long  ; that  is, 
from  34,  to  36  feet.  And  very  difagreeable  to  the  common  hypothefis, 
but  confonant  to  ours,  is  the  experiment  that  I have,  more  than  once, 
made,  by  taking  a glafs  pipe,  about  three  feet  long,  dipping  one  end  of 
it  in  water,  and  fucking  at  the  other,  whereby  the  water  will  be,  fud- 
denly,  made  to  flow  brifkly  into  one’s  mouth  5 when  if,  inflead  of  water, 
you  dip  the  lower-end  into  quick-filver,  though  you  fuck  as  ftrongly  as 
ever  you  can,  provided,  in  this  cafe,  as  in  the  former,  you  hold  the  pipe 
upright,  you  will  never  be  able  to  raife  the  quick-filver  near  fo  high  as 
your  mouth : fo  that,  if  the  water  afcended,  upon  fudlion,  to  the  top  of 
the  fame  pipe,  becaufe  there  would,  otherwife,  have  been  a vacuum  left 
in  the  cavity  of  it ; why  fhould  we  not  conclude,  that  when  we  have 
fuck’d  up  the  quick-filver  as  ftrongly  as  we  can,  fo  much  of  the  upper- 
part  of  the  tube,  as  is  deferred  by  the  air,  and  yet  not  fill’d  by  the  mer- 
cury, admits,  in  part  at  leaft,  a vacuum,  as  to  air;  of  which,  confe- 
quently,  nature  cannot  reafonably  be  fuppofed  to  have  fo  great  and  unli- 
mited an  abhorrence,  as  the  Peripatetics  prefume.  Yet,  I will  not  deter- 
mine whether  there  be  any  more  than  many  little  vacuities,  or  fpaces  de- 
llitute  of  air,  in  the  cavity  of  the  pipe,  unfill’d  by  the  mercury,  fo  that 
the  whole  cavity  is  not  one  entire  empty  fpace ; it  being  fufficient  for  my 
purpofe,  that  the  experiment  affords  a good  argument  againft  the  Peri- 
patetics ; and  warrants  us  to  feek  for  fome  other  caufe,  than  a Fuga  vacuiy 
why  a much  ftronger  fudlion,  than  that  which  made  the  water  afcend  with 
eafe  into  the  mouth,  will  not  alfo  raife  quick-filver  to  near  the  fame  height. 

Thofe  modern  philofophers,  who  admit  not  a Fuga  vacui  to  be  the  caufe 
of  the  afcent  of  liquors  in  fudlion,  generally  agree  in  referring  it  to  the 
adlion  of  the  thorax:  for  when  a man  endeavours  to  fuck  up  a liquor,  he, 
by  means  of  the  mufcles,  enlarges  the  cavity  of  his  cheft ; which  he  cannot 
do,  but,  at  the  fame  time,  he  muft  thruft  away  thofe  parts  of  the  ambi- 
ent air,  that  were  contiguous  to  his  cheft ; when  the  difplaced  air,  ac- 
cording to  fome,  compreftes  the  contiguous  air,  and  that,  the  next  to  it. 


The  Nature  of  SuElion  explained.  715 

and  fo  onwards,  till  the  preflure,  fucceflively  palling  from  one  part  of  thePNEUMATIC* 
air  to  the  other,  arrive  at  the  furface  of  the  liquor ; fo  that  all  other  places 
being,  as  to  fenfe,  full,  the  impell’d  air  cannot  find  place,  but  by  thrufting 
the  water  into  the  room  made  for  it  in  the  pipe,  by  the  recefs  of  the  air, 
that  pafs’d  into  the  lungs  of  the  perfon.  And  they  differ  not  much  from 
this  explanation,  who,  without  taking  in  the  comprefiion  of  the  ambient 
air,  made  by  the  thorax,  refer  the  phenomenon  to  the  propagated  motion, 
or  impulfe,  imprefs’d  on  the  air,  difplac’d  by  the  thorax,  in  its  dilatation, 
and  yet  unable  to  move  in  a world  perfectly  fill’d,  as  they  fuppofe  ours  to 
be,  unlefs  the  liquor  be  impell’d  as  much  into  the  cavity  of  the  pipe,  as 
fail  as  ’tis  deferted  by  the  air,  faid  to  be  fuck’d  up.  But,  tho’  I readily 
confefs  this  explanation  to  be  ingenious,  and  fuch  as  I wonder  not  they 
fhould  acquiefce  in,  who  are  only  acquainted  with  the  obvious  phenomena 
of  fudlion;  and  tho’  I am  not  fure,  that  in  the  mofl  familiar  cafes,  the 
caufes  afiign’d  by  them  may  not  contribute  to  the  effe<ft,  yet  I cannot  ac- 
quiefce in  this  theory  : for,  I think  the  caufe  of  fusion  affign’d,  is,  in 
many  cafes,  not  necefiTary  ; in  others,  not  fufficient.  And,  firft,  as  to  the 
condenfation  of  the  air  by  the  dilatation  of  the  cheft  ; when  I confider  the 
extent  of  the  ambient  air,  and  how  fmall  a comprefiion,  no  greater  an  ex- 
panfion  than  that  of  the  thorax  is  likely  to  make  \ I can  fcarce  think  fo 
flight  a condenfation  of  the  free  air,  fhould  have  fo  confiderable  an  effedt  on 
the  furface  of  the  liquor,  to  be  rais’d,  as  the  hypothefis  requires  : and, 
that  this  impulfe  of  the  air,  by  the  dilated  thorax,  though  it  accompanies 
the  afcent  of  the  water,  procured  by  fudlion,  is  not  of  abfolute  necefiity 
thereto,  will,  I prefume,  be  eafily  granted : even  a propagated  pulfion,ab- 
ftradled  from  any  condenfation  of  the  air,  is  not  fo  necefiary,  but  that  the 
effedl  may  be  produc’d  without  it.  Now,  fuppofe  fo  much  air  as  is  dif- 
placed  by  the  thorax,  annihilated,  yet  the  afcent  of  the  liquor  would  ftill 
enfue  ; for,  when  a man  begins  to  fuck,  there  is  an  equilibrium  between 
the  preflure  which  the  air  contain’d  in  the  pipe  has,  by  virtue  of  its  fpring, 
upon  that  part  of  the  furface  of  the  water,  that  is  furrounded  by  the  fides 
of  the  pipe,  and  the  preflure  which  the  atmofphere  has,  by  virtue  of  its 
weight,  upon  all  the  reft  of  the  furface  of  the  ftagnant  water  : fo  that 
when,  by  the  dilatation  of  the  thorax,  the  air,  within  the  pipe,  comes  to 
be  rarified,  and,  confequently,  to  lofe  of  its  fpring,  the  weight  of  the  ex- 
ternal air  continuing,  in  the  mean  time,  the  fame  ; it  muft  neceflfarily  hap- 
pen, that  the  fpring  of  the  internal  air  will  be  too  weak  to  balance,  any 
longer,  the  gravitation  of  the  external  \ and,  confequently,  that  part  of 
the  furface  of  the  ftagnant  water,  which  is  included  in  the  pipe,  being 
lefs  prefs’d  upon  than  all  the  other  parts  of  the  fame  furface,  muft  necef- 
farily  give  way,  and,  therefore,  be  impell’d  up  into  the  pipe,  where  the 
air,  having  had  its  fpring  weaken’d,  is  no  longer  able  to  refill  it,  as  be- 
fore. Thus,  conceiving  that,  within  a chamber,  three  men  thruft  all  to- 
gether, with  their  utmoft  force,  againft  a door,  to  keep  it  Ihut,  at  the 
fame  time  that  three  others,  of  equal  ftrength,  endeavour  to  thruft  it  open  j 
though,  whilft  their  oppofite  endeavours  are  equal,  the  door  will  continue 
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tout,  yet  if  one  of  the  three  men,  within  the  room,  lhould  ceafe  to  aft 
there  would  need  no  new  force,  in  the  three  men,  to  make  them  prevail’ 
and  thruft  open  the  door,  againft  the  refiftance  of  the  two. 

The  long  neck  of  a glafs  bubble  being  feal’d  up,  and,  almoft,  all  the 
air,  by  heat,  driven  out  of  the  whole  cavity  thereof,  the  glafs  was  laid  a- 
fide  for  fome  hours ; afterwards  the  feal’d  apex  of  the  neck  was  broken 
off  under  water ; I demand,  now,  of  a Peripatetic,  whether  the  liquor 
ought  to  be  fuck’d,  or  drawn  into  the  cavity  of  the  glafs;  and  why?  If 
he  fays,  as,  queftioniefs,  he  will,  that  the  water  wou’d  be  attra&ed  to 
hinder  a vacuum,  he,  thereby,  acknowledges,  that,  till  the  glafs  was 
unftopp’d,  underwater,  there  remain’d  fome  empty  fpace  in  it : for, ’till 
the  feal’d  end  was  broken  off,  the  water  cou’d  not  get  in  ; and  therefore, 
if  the  Fuga  vacui  had  any  thing  to  do  in  the  afcent,  the  liquor  muff  rife’ 
not  to  prevent  an  empty  fpace,  but  to  fill  one  that  was  made  before. 
Nor  does  our  experiment  much  more  favour  the  other  philofophers,  I 
diffent  from : for  there  is  here  no  dilatation  made  of  the  fides  of  the  o-|afs, 
as  in  ordinary  fudlion  there  is  made  of  the  thorax  ; but  only  fo  much  air 
oriven  out  of  the  cavity  of  the  bubble,  into  whole  room,  fince  neither 
common  air,  nor  water,  is  permitted  to  fucceed,  it  appears  not  how  the 
propagated,  and  returning  impulfe,  or  the  circle  of  motion,  as  to  com- 
mon air  and  water,  takes  place.  Again,  I demand,  what  becomes  of  the 
air,  that  has  been,  by  heat,  driven  out,  and  is,  by  the  hermetical  feal, 
kept  out  of  the  cavity  of  the  bubble?  If  it  be  laid,  that  it  diffufes  itfelf 
into  the  ambient  air,  and  mixes  with  it;  this  is  to  grant,  what  I contend 
ior,  that  fo  little  air,  as  is  ufually  difplac’d  in  fudtion,  cannot  make  any 
cqnfiderable  compreflion  of  the  free  ambient  air : for,  what  can  one  cu- 
bic inch  of  air,  which  is,  fometimes,  more  than  one  of  our  glaffes  con- 
tains, do,  towards  condenfing  a whole  chamber  full,  when  the  expell’d 
corpufcles  are  evenly  diftributed  among  thofe  of  the  ambient  ? And  how 
comes  this  inconfiderable  con.denfation  to  have  fo  great  an  effect  in  every 
part  of  the  room,  as  to  be  able  there  to  impel  into  the  glafs,  as  much  wa- 
ter, in  extent,  as  the  whole  air  that  was  driven  out  of  the  cavity  of  it? 
But,  ii  it  be  laid,  that  the  expel!  d air  only  condens’d  the  contiguous  air  ; 
’tis  no  way  probable  that  the  expell’d  particles  of  the  air  lhould  not,  by 
the  different  motions  of  the  ambient  air,  be  quickly  made  to  mix  with  it; 
but  lhould  rather  wait  till  the  veffels,  whence  ’twas  driven  out,  were  un- 
ftopp  d again.  But  though  this  could,  probably,  be  pretended,  it  can- 
not, truly,  be  afferted : for  if  you  carry  the  feal’d  glafs  quite  out  of  the 
room,  and  unftop  it  at  fome  other  place,  tho’  two  or  three  miles  diftant, 
the  afcent  of  the  water  will,  as  I found  by  trial,  neverthelefs,  enfue  ; in 
which  cafe,  I prefume,  it  cannot  be  faid,  that  the  air  expelf’d  out  of  the 
glafs,  and  which  condens’d  the  contiguous  air,  attended  the  bubble  in  all 
us  motions ; and  was  ready  at  hand,  to  impel  in  the  water,  as  foon  as  the 
leal  d apex  of  the  vial  was  broken  off. 
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In  our  own  hypothefis  of  fusion,  we  fuppofe  firft,  without  difputingp 
either  the  exiftence  or  the  nature  of  elementary  air,  that  the  common  air 
we  breathe  in,  and  which  I call  atmofpherical,  abounds  with  corpufcles 
not  deftitute  of  weight,  and  endow’d  with  elafticity,  whereby  the  lower 
parts,  compreffed  by  the  weight  of  the  upper,  inceffantly  endeavour  to 
expand  themfelves ; by  which  expanfion,and  in  proportion  to  it,  the  fpring 
of  the  air  is  weaken’d,  the  more  they  are  permitted  to  ftretch  themfelves. 

Next  we  fuppofe,  that  the  terraqueous  globe,  being  furrounded  with 
this  gravitating  and  fpringy  air, has  its  furface,and  the  bodies  plac’d  on  it, 
preffed  by  as  much  of  the  atmofphere,  as  either  perpendicularly  refts  on 
them,  or  can  otherwife  come  to  bear  upon  them.  This  preffure  is,  by  the 
Torricellian , and  other  experiments,  found  to  be  equivalent  to  a perpendi- 
cular cylinder  of  about  29  or  30  inches  of  quick-filver. 

L.aftly,  we  fuppofe,  that  air  being  contained  in  a pipe,  or  other  hollow 
body,  having  but  one  orifice  open  to  the  free  air,  if  this  orifice  be  herme- 
tically feal’d,  or  otherwife  clos’d,  the  included  air,  whilft  it  continues  with- 
out any  farther  expanfion,  will  have  an  elafticity  equivalent  to  the  weight 
of  as  much  of  the  outward  air  as  did  before  prefs  againft  it.  For  if  the 
weight  of  the  atmofphere  had  been  able  to  comprefs  it  further,  it  would 
have  done  it  *,  and  then  the  clofing  of  the  orifice,  at  which  the  internal  and 
external  air  communicated,  as  it  fenced  the  included  air  from  the  preffure 
of  the  incumbent,  fo  it  hinder’d  the  fame  included  air  from  expanding  it- 
felf ; whence,  as  it  was  fhut  up  with  the  preffure  of  the  atmofphere  upon 
it,  that  is,  in  a ftate  of  as  great  compreffion  as  the  weight  of  the  atmo- 
fphere could  bring  it  to  ; fo  being  fhut  up,  and  thereby  kept  from  weak- 
ening that  preffure  by  expanfion,  it  muft  retain  a fpringinefs  proportio- 
nable to  the  preffure  it  was  before  expofed  to.  But  if,  as  was  faid  in  the 
firft  fuppofition,  the  included  air  fhould  come  to  be  dilated  or  expanded, 
its  fpring,  like  that  of  other  elaftic  bodies,  would  be  weaken’d,  anfwer- 
ably  to  that  expanfion. 

To  me  then  it  feems  in  general,  that  liquors  are,  upon  Fiction,  raifed 
into  the  cavities  of  pipes,  and  other  hollow  bodies,  when  there  is  a lefs 
preffure  on  the  furface  of  the  liquor  in  the  cavity,  than  on  the  furface  of 
the  external  liquor  that  furrounds  it ; whether  that  preffure  of  thofe  parts 
of  the  external  liquor,  which  are  from  time  to  time  impelled  up  into  the 
orifice  of  the  pipe,  proceed  from  the  weight  of  the  atmofphere,  the  propa- 
gated compreffure  or  impulfe  of  fome  parts  of  the  air,  the  fpring  of  the  air, 
or  fome  other  caufe ; as  the  preffure  of  bodies  quite  diftin<5t  from  air. 

Upon  a general  view  of  this  hypothefis,  it  feems  very  agreeable  to  me- 
chanical principles.  For  if  there  be,  on  the  different  parts  of  the  furface  of 
a fluid  body  unequal  preffures,  it  is  plain,  as  well  by  the  nature  of  the 
thing,  as  by  what  has  been  demonftrated  by  Archimedes , that  the  greater 
force  will  prevail  againft  the  lefs  *,  and  that  fuch  a part  of  the  water’s  fur- 
face muft  give  way,  as  is  the  leaft  prelfed. 

To  proceed  to  fome  experiments  made  in  favour  of  this  hyyothefis : 
We  took  a glafs  pipe  bended  like  a fiphon,  but  fo,  that  the  fhorter  leg  was 

parallel 
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Pneumatics  parallel  to  the  longer,  and  hermetically  feaPd  at  the  end  ; into  this  fiphon 
we  conveyed  water,  fo  that  the  crooked  part  being  held  downwards,  the 
liquor  reach’d  to  the  fame  height  in  both  legs  * about  an  inch  and  an  half 
of  uncomprefled  air  being  fhut  up  in  the  fhorter.  This  little  inftrument, 
about  15  inches  long,  being  thus  prepared,  it  is  plain,  that  according  to 
the  hypothecs  I diffent  from,  there  is  no  reafon  why  the  water  fhould  af- 
cend  upon  fusion.  For  tho*  we  fhould  admit  that  the  external  air  were 
confiderably  compreffed,  or  received  a notable  impulfe  when  the  chefl  is 
enlarged,  yet  in  our  cafe,  that  compreflion  or  protrufion  will  not  reach 
the  furface  of  the  water  in  the  fhorter  leg  ; becaufe  it  is  there  fenced  from 
the  adtion  of  the  external  air  by  the  fides  of  rhe  glafs,  and  the  hermetical 
feal  at  the  top  *,  but  if  a perfon  fuck’d  ftrongly  at  the  open  orifice  in  the 
longer  leg,  the  water  in  the  fhorter  would  be  depreffed,  and  that  in  the 
longer  afcend,  at  one  fuck,  about  an  inch  and  a half*,  of  which  the  reafon 
is  clear  on  our  hypothefis.  For  the  fpring  of  the  included  air,  together 
with  the  weight  of  the  water  in  the  fhorter  leg,  and  the  preffure  of  the  at- 
mofpherical  air,  aflifted  by  the  weight  of  the  liquor  in  the  longer  leg,  ba- 
lanced one  another  before  the  fudlion  began  ; but  when  afterwards,  upon 
fudlion,  the  air  in  the  longer  leg  came  to  be  dilated,  and  thereby  weaken- 
ed, it  was  render’d  unable  to  refill  the  undiminifh’d  preffure  of  the  air  in- 
cluded in  the  fhorter  leg  *,  which  confequently  expanding  itfelf,  by  virtue 
of  its  elaflicity,  depreffed  the  contiguous  water,  and  made  it  proportion- 
ably  rife  in  the  oppofite  leg,  till  its  fpring  being  by  the  expanfion  gradu- 
ally more  weakened,  it  balanced  the  gravitation  or  preffure  of  the  atmo- 
fphere.  And  this  is  the  reafon  why,  when  the  perfon  who  fuck’d  had  rai- 
fed  the  water  in  the  longer  leg  lefs  than  3 inches  higher,  by  repeated  en- 
deavours, and  that  without  once  fullering  the  water  to  fall  back  again,  he 
was  not  able  to  elevate  the  water  in  the  longer  fo  much  as  3 inches  above 
its  firft  ftation.  And  if  in  the  fhorter  leg,  there  was  only  an  inch  and  a 
quarter  of  fpace  left  for  the  air  *,  by  feveral  adts  of  fudlion,  fkilfully  re- 
peated, he  could  not  raife  the  liquor  in  the  longer  leg  above  two  inches  *, 
becaufe  by  that  time,  the  air  included  in  the  fhorter  leg  had,  by  expand- 
ing itfelf  further,  proportionably  weakened  its  fpring,  till  at  length  it  be- 
came as  much  rarified  as  the  air  in  the  cavity  of  the  longer  leg  ; and  con- 
fequently was  able  to  thrufl  away  the  water  with  no  more  force  than  the 
air  in  the  longer  leg  was  able  to  refill.  And  hence  it  appeared,  that  the 
rarifadlion  ufually  made  of  air  by  fudlion,  is  not  near  fo  great  as  one 
would  expedt  *,  probably,  becaufe  by  the  dilatation  of  the  lungs,  the  air 
being  flill  fhut  up,  is  but  moderately  rarified  *,  and  that  in  the  longer 
leg  can  by  them  be  brought  to  no  greater  degree  of  rarity  than  the  air 
within  the  chefl.  For  whereas  the  included  air  in  our  inftrument  was  not 
expanded,  ,at  one  fuck,  to  above  double  its  former  dimenfions,  and  by 
feveral  fuccefllve  fucks  was  expanded,  but  from  one  inch  and  a half  to 
lefs  than  4 inches  and  a half,  if  the  fudlion  could  have  been  conveniently 
made  with  a great  ftanch  fyringe,  the  rarifadlion  of  the  air  would  probably 
have  been  far  greater  lince,  in  our  pneumatic  engine,  air  may  without 
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heat,  and  by  a kind  of  fu<5tion,  be  brought  to  poflefs  many  hundreds  of  Pneumatic* 
times  the  fpace  it  took  up  before.  From  this  rarifadtion  of  the  air  in  both 
the  legs  of  our  inftrument,  proceeds  another  phenomenon  readily  explica- 
ble by  our  hypothefis.  For  if,  when  the  water  was  impelled  up  as  high  as 
the  Fiction  could  raife  it,  the  inftrument  were  taken  from  the  perfon’s 
mouth,  the  elevated  water  would,  with  violence,  return  to  its  wonted  fta- 
tion.  For  the  air,  in  both  legs  of  the  inftrument,  having  by  fudtion  loft: 
much  of  its  fpring,  and  confequently  of  its  power  of  prefling  •,  when  once 
the  orifice  of  the  longer  leg  was  left  open, the  atmofpherical  air  came  again 
to  gravitate  upon  the  water  in  that  leg  ; and  the  air  included  in  the  other, 
having  its  fpring  weakened  by  the  preceding  expanfion,  was  not  able  to 
hinder  the  external  air  from  violently  repelling  the  elevated  water,  till  the 
included  air  was  thruft  into  the  fpace  it  pofiefltSf  before  the  fudtion  ; in 
which  fpace  it  had  denfity  and  elafticity  enough  to  refill  the  preflure  that 
the  external  air  exercifed  againft  it,  thro*  the  interpofed  water. 

But  our  hypothefis  about  the  caufe  of  fu<5tion,  needs  only  the  afliftance 
of  our  pneumatic  engine.  For  by  trials,  purpofely  devifed  and  carefully- 
made  therewith,  we  found,  that  a good  fyringe  being  fo  conveyed  into  the 
receiver,  that  the  open  orifice  of  the  pipe,  or  lower  part,  remained  under 
water  ; if  the  engine  were  exhaufted,  and  the  handle  of  the  fyringe  drawn 
up,  the  water  did  not  follow  it,  which  yet  it  would  do  if  the  external  air 
were  let  in  again.  The  reafon  of  which  is  plain  ; for  the  air  that  fhould 
have  prefled  upon  the  furface  of  the  ftagnant  water  having  been  pumped 
out,  there  was  nothing  to  impel  up  the  water  into  the  deferted  cavity  of 
the  fyringe,  till  the  receiver  was  filled  with  air. 

1 fhall  next  offer  fome  eafy  experiments  to  make  out  thefe  three  pro- 
pofitions. 

1.  That  a liquor  may  be  raifed  by  fu£tion,  when  the  preflure  of  the  air,, 
neither  as  it  has  weight  nor  elafticity,  is  the  caufe  of  it. 

2.  That  the  weight  of  the  atmofphere  is  fufficient  to  raife  up  liquors 
in  fudtion. 

3.  That  in  fome  cafes  there  will  be  no  fudtion,  tho’  there  is  a dilatation 
of  the  thorax  ; and  no  danger  of  a vacuum  if  the  liquor  fhould  afcend. 

1.  And  firft  to  fhew  how  much  the  rifing  of  liquors,  in  fusion,  depends  Sufiion  may 
upon  the  weight  or  preflure  of  the  impelling  body  •,  and  how  little  necefii-  raife  a fluid 
ty  there  is,  where  fuch  a preflure  happens,  that  in  the  place  deferted  by  the  Wlt^ut  the 
liquor  fuck’d,  there  fhould  fucceed  air,  or  fome  other  vifible  body  •,  I de- 
vifed  the  following  experiments.  We  took  a glafs  pipe,  fit  for  the  Torri-  air.  J 
cellian  experiment,  but  much  longer  than  was  neceflary  for  that  ufe  ; this 
being  hermetically  fealed  at  one  end,  the  other  was  fo  bent  as  to  be  refledt- 
ed  upwards,  and  make,  as  it  were,  the  fhorter  leg  of  a fiphon  parallel  to 
the  longer  ; fo  that  the  tube  was  now  fhaped  like  an  inverted  fiphon,  with 
legs  of  a very  unequal  length.  This  we  filled  with  mercury  in  an  inclining 
pofture,  and  then  erecting  it,  the  mercury  fubfided  in  the  longer  leg,  as  in 
the  Torricellian  experiment,  and  attained  to  between  two  feet  and  a quar- 
te,  and  two  feet  and  a half,  above  the  furface  of  the  mercury  in  the  fhorter 
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pneumatics  leg,  which  in  this  inftrument  anfwers  to  the  ftagnant  mercury  in  an  ordina- 
ry  barometer.  Out  of  the  ftiorter  leg  of  this  tube,  we  warily  took  as  much 
mercury  as  was  thought  convenient ; and  this  we  did  fo  as  to  hinder  any 
air  from  getting  into  the  deferted  cavity  of  the  longer  leg  ; by  which 
means  the  mercurial  cylinder  retained  the  fame  height  above  the  ftag- 
nant mercury  in  the  fhorter.  The  upper  and  clofed  part  of  this  por- 
table barometer  muft  have  been  free  from  common  air,  becaufe,  if  gently 
inclined,  the  quick-filver  would  afcend  to  the  top  of  the  tube  •,  which  it 
could  not  do,  if  the  place  formerly  deferted  by  it  were  poftefied  by  the 
air.  The  inftrument  being  thus  fitted,  I caufed  a perfon  to  fuck  at  the 
fhorter  leg  of  it ; whereupon  there  prefently  enfued  an  afcent  of  4 or  5 in- 
ches of  mercury  in  that  l^;,and  a proportionable  fubfidence  in  the  longer  ; 
yet  in  this  cafe  the  rife  ofthe  mercury  cannot  proceed  from  the  prefture  of 
the  air.  For  the  weight  of  the  atmofphere  is  fenced  off,  by  that  which 
clofes  the  upper  end  ofthe  longer  tube ; and  the  fpring  of  the  air  has  here 
nothing  to  do,  fince  the  fpace  deferted  by  the  mercury  is  not  pofiefted  by 
the  included  air  ; and  the  pulfion  or  condenfation  of  the  air,  fuppofed  by 
feveral  modern  philofophers  to  be  made  by  the  dilatation  of  the  cheft,  and 
to  prefs  upon  the  furface  of  the  liquors  that  are  to  be  fuck’d  up,  cannot 
here  be  pretended  ; becaufe  the  furface  of  the  liquor  in  the  longer  leg  is 
every  way  fenced  from  the  prefture  of  the  ambient  air.  It  remains  there- 
fore, that  the  caufe  which  raifed  the  quick-filver  in  the  ftiorter  leg,  upon 
the  fudtion,  was  the  weight  of  the  collateral  quick-filver,  fuperior  in  the 
longer  leg  *,  which  being  equivalent  to  the  weight  of  the  atmofphere,  there 
is  a plain  reafon  why  the  ftagnant  mercury  in  the  ftiorter  leg  ftiould  be 
raifed  fome  inches  by  fueftion,  as  mercury  ftagnant  in  an  open  veftel  will 
be  raifed  by  the  weight  of  the  atmofphere,  when  the  fudtion  is  made  in  the 
open  air;  for  in  both  cafes  there  is  a pipe  that  reaches  to  the  ftagnant  mer- 
cury, and  a competent  weight  to  impel  it  into  that  pipe,  when  the  air  in 
the  cavity  of  it  has  its  fpring  weakened  by  the  dilatation  that  accompa- 
nies fudtion. 

The  weight  of  2.  That  the  weight  of  the  air  is  fufticient  to  raife  liquors  in  fusion,  may 
the  atmofphere  appear  by  arguments  drawn  from  the  Torricellian  experiment ; and  much 
may  alone  raife  more  clearly  from  fome  we  have  made  with  our  air-pump.  And  with  the 
ftion!  JU  like  view,  having  provided  an  inftrument  in  imitation  of  the  portable  ba- 
rometer, lately  mention’d,  but  whofe  legs  were  not  fo  unequally  long  ; and 
having  in  it  made  the  Torricellian  experiment,  after  the  manner  deferibed, 
we  ordered  the  matter  fo,  that  there  remained  in  the  ftiorter  leg  the  length 
of  feveral  inches  unfill’d  with  ftagnant  mercury.  Then  I caufed  a perfon 
to  raife  the  quick-filver,  by  fudtion,  fo  to  the  orifice  of  the  ftiorter  leg, 
that  the  orifice  being  feafonably  and  dextroufly  clofed,  the  mercury  conti- 
nu’d to  fill  that  leg  as  long  as  we  thought  fit ; and  then  having  put  a mark 
at  the  furface  of  the  mercury  in  the  longer  leg,  we  unftopt  the  orifice  of  the 
ftiorter ; whereupon  the  mercury  that  before  filled  it,  was  deprefted,  till  in 
the  longer  leg  it  was  raifed  5 inches  or  more  above  the  mark, and  continu’d 
at  that  height.  This  mercury,  rais’d  by  fusion,  was  deprefs’d,  becaufe  its 
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own  weight  could  not  here  make  it  fall  •,  fince  a mercurial  cylinder  of  flvePNEUMATIC, 
inches  was  far  from  being  able  to  raife  fo  tall  a cylinder  of  mercury,  as  kXV'N*/ 
made  a counterpoize  in  the  longer  leg ; and  therefore,  the  deprefiion  we 
fpeak  of,  is  to  be  referr’d  to  the  gravitation  of  the  atmofpherical  air  up- 
on the  furface  of  the  mercury  in  the  fhorter  leg.  And  I fee  no  caufe  to 
doubt,  that  if  we  could  have  procur’d  an  inftrument,  into  whofe  fhorter 
leg,  a mercurial  cylinder  many  inches  higher  might  have  been  fuck’d  up, 
it  would,  by  this  contrivance,  have  appear’d,  that  the  preflure  of  the 
atmofphere  could  eafily  impel  up  a far  taller  cylinder  of  mercury  than  it 
did  in  our  experiment.  For,  if  the  gravity  of  an  incumbent  pillar  of 
the  atmofphere  be  able  to  comprefs  a parcel  of  included  air  as  much  as  a 
mercurial  cylinder  equivalent,  in  weight,  to  between  thirty  and  thirty- 
five  feet  of  water  is  able  to  condenfe  it,  the  fame  atmofpherical  cylinder 
may  well  be  able,  by  its  weight,  to  raife  and  counterbalance  twenty-eight 
or  twenty-nine  inches  of  quick-filver,  or  an  equivalent  pillar  of  water  in 
tubes,  where  the  refiftance  of  thefe  two  fluids,  to  be  rais’d  and  fuftain’d 
by  the  air,  depends  only  upon  their  own  unaflifted  gravity. 

To  confirm  our  dodxine  of  the  gravitation  of  the  atmofphere,  upon  the 
furface  of  the  liquors  expos’d  to  it,  I fhall  fubjoin  an  experiment,  devis’d  to 
ihew,  that  the  incumbent  air,  in  its  ufual  ftate,  would  comprefs  other  air 
in  the  like  natural  ftate,  as  much  as  a cylinder  of  twenty-eight  or  twenty- 
nine  inches  of  mercury  could  condenfe  it.  But  in  order  hereto,  I fuppofe 
it  known,  that  about  twenty-nine  or  thirty  inches  of  quick-filver  will 
comprefs  air  fhut  up,  in  its  ufual  ftate,  in  the  fhorter  leg  of  our  portable 
barometer  into  half  the  fpace  it  poflefs’d  before. 

We  provided  a portable  barometer,  wherein  the  mercury  in  the  longer 
leg  was  kept  fufpended  by  the  counterpoize  of  the  air  that  gravitated  on 
the  furface  of  the  mercury  in  the  fhorter,  which,  we  had  fo  order’d,  that 
it  reach’d  not,  by  about  two  inches,  to  the  top  of  the  fhorter  leg.  Then 
making  a mark  at  the  place  where  the  ftagnant  mercury  refted,  ’twas  ma- 
nifeft,  according  to  our  hypothefis,  that  the  air  in  the  upper  part  of  the 
fhorter  leg  was  in  its  natural  ftate,  or  of  the  fame  degree  of  denfity  with 
the  outward  air,  with  which  it  freely  communicated  at  the  open  orifice  of 
the  fhorter  leg ; fo  that  this  ftagnant  air  was  equally  prefs’d  upon  by  the 
weight  of  the  collateral  fuperior  cylinder  of  mercury  in  the  longer  leg, 
and  the  equivalent  weight  of  adiredlly  incumbent  pillar  of  the  atmofphere. 

Then  the  upper  part  of  the  fhorter  leg  that  had  been  before,  purpofely, 
drawn  out  to  almoft  a capillary  fmallnefs,  was  hermetically  feal’d ; which, 
tho*  the  inftrument  remain’d  erecft,  was  fo  fuddenly  done,  by  reafon  of 
the  flendernefs  of  the  pipe,  that  the  included  air  did  not  appear  to  be  fen- 
fibly  heated:  after  this,  we  open’d  the  lower  end  of  the  longer  leg  with- 
out  fhaking  the  vefifel ; by  which  means,  the  atmofpherical  air,  gaining 
accefs  to  the  mercury  included  in  the  longer  leg,  did,  by  its  gravitation  up- 
on it,  fo  comprefs  the  air  included  in  the  fhorter  leg,  that,  according  to  the 
eftimate  we  made,  with  the  help  of  a ruler,  it  was  crowded  into  near  half 
the  fpace  it  took  up  before  j and  confequently  fuffer’d  a comprefiure  like 
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pkxumat,cS  that,  which  a mercurial  cylinder  of  about  twenty-nine  inches  would  have 
^ Y v given  ir. 

This  experiment  was  made  a fecond  time,  with  Jike  fuccefs. 

That  the  af cent  3.  And  to  make  it  yet  further  appear,  how  much  the  afcent  of  liquors 
tmm°nde  h byfuftion»  depends  upon  preffure,  rather  than  upon  nature’s  imaginary 
tends  'upon  abhorrence  of  a Vacuum , or  the  propagated  pulfion  of  the  air;  1 will 
prejjure.  fubjoin  an  indance,  wherein  that  prefum’d  abhorrence  cannot  be  pretend- 
ed. The  experiment  was  thus  made. 

A glafs  fiphon,  like  thofe  lately  defcrib’d,  with  one  leg  far  longer  than 
the  other,  was  hermetically  feal’d  at  the  fhorter  leg,  and  then,  by  degrees, 
we  put  in,  at  the  orifice  of  the  longer  leg,  as  much  quick-filver,  as  by 
its  weight  fufficed  to  comprefs  the  air  in  the  fhorter  leg,  into  about  half 
the  fpace  it  poffefs’d  before  •,  fo  that,  according  to  the  Peripatetic  do- 
ctrine, the  air  muft  be  in  a date  of  preternatural  condenfation,  and  that 
to  a far  greater  degree,  than  tis  ufually  brought  by  cold  intenfe  enough 
to  freeze  water.  Then,  meafuring  the  height  of  the  quick-filver  in  the 
longer  tube  above  the  fuperficies  of  that  in  the  ihorter,  we  found  it  not 
to  exceed  thirty  inches.  Now  if  liquors  rofe,  in  fudtion,  for  fear  of  a 
Vacuum , there  is  no  reafon  why  this  quick-filver,  in  the  longer  part  of 
the  fiphon,  fhould  not  eafily  afcend  upon  fudtion,  at  lead  till  the  air  in 
the  fhorter  leg  had  regain’d  its  former  dimenfions;  fince  it  cannot,  in 
this  cafe,  be  pretended,  that  if  the  mercury  fhould  afcend,  there  wo'uld 
be  any  danger  of  a Vacuum  in  the  fhorter  leg  of  the  tube ; becaufe  the 
contiguous  included  air  is  ready  at  hand  to  fucceed,  as  fad  as  the  mercu- 
ry fubfides  in  the  fhorter  leg  of  the  fiphon.  Nor  can  it  be  alledg’d,  that, 
to  fill  the  place  deferted  by  the  quick-filver,  the  included  air  mud  differ 
a preternatural  rarifadtion ; fince  ’tis  plain,  that,  on  the  contrary,  as 
long  as  the  air  continues  in  the  date  whereto  ’tis  reduced  by  the  weight  of 
the  quick-filver,  it  is  kept  in  a violent  date  of  compreflion,  becaufe  in 
the  fhorter  leg  it  was  in  its  natural  date,  when  the  mercury  pour’d  into 
the  longer  leg  did,  by  its  weight,  thrud  it  into  about  half  the  fpace  it 
took  up  before.  Yet  having  caus’d  feveral  perfons  to  fuck,  feveral  times, 
as  drongly  as  they  could,  they  were  not  able,  fo  much  as  for  a minute, 
to  raife  the  mercury  in  the  longer,  and  make  it  fubfide  in  the  fhorter  far 
more  than  an  inch.  And  to  fhew  that  the  experiment  was  not  favoura- 
bly made  for  me  •,  the  height  of  the  mercurial  cylinder  in  the  longer  leg, 
above  the  furface  of  that  in  the  fhorter,  was  at  the  time  of  fudtion,  an 
inch  or  two  fhort  of  thirty  ; and  the  comprefs’d  air  in  the  fhorter  leg  was 
fo  far  from  having  been  expanded,  by  the  exfudtion,  beyond  its  natural  and 
fird  dimenfions,  that  it  did  not,  when  the  contiguous  mercury  dood  as  low 
as  we  could  make  it  fubfide,  regain  fo  much  as  one  half  of  the  fpace  it 
had  lod  by  the  precedent  compreffure  •,  and,  confequently,  was  in  a preter- 
natural date  of  condenfation,  when  it  had  been  freed  from  that  date  as 
tar  as  fudtion  could  do  it.  Whence  it  feems  evident,  that  it  was  not  obfu- 
gam  vacui. , that  the  quick-filver  did,  upon  fudtion,  afcend  one  inch  ; for 
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upon  the  fame  fcore  it  ought  to  have  afcended  2,  or  perhaps  more  inches  » PwfuMATI 
fince  there  was  no  danger,  that  by  fuch  an  afcent,  any  vacuum  fhould  be 
produced,  or  left  in  the  ffiorter  leg  of  the  fiphon.  But  according  to  our 
hypothefis,  a clear  caufe  of  the  phenomenon  is  affignable  ; for  before  the 
fusion  began,  there  was  an  equilibrium  between  the  weight  of  the  fupc- 
rior  quick-filver  in  the  longer  leg,  and  the  fpring  of  the  comprefled  air, 
included  in  the  fhorter  ; but  when  the  perfon  began  to  fuck,  his  chefl  be- 
ing widened,  fome  part  of  the  air  included  in  the  upper- part  of  the  longer 
leg,  palled  into  it,  and  what  remained,  had,  by  that  expanfion,  its  prefiure 
fo  weakened,  that  the  air  in  the  fhorter  leg,  finding  no  longer  the  former 
refillance,  was  able,  by  its  own  fpring,  to  expand  itfelf,  and  confequently 
to  deprefs  the  contiguous  mercury,  in  the  fame  fhorter  leg,  and  raife  it 
as  much  in  the  longer. 

But  here  it  may  be  objected,  that  if  the  comprefled  air  in  the  fhorter 
leg,  had  a fpring  equivalent  to  the  weight  of  the  mercury  in  the  longer 
leg,  why  is  not  the  mercury  fuck’d  up  in  this  inftrument,  as  well  as  in  the 
free  air  ? fince,  according  to  me,  the  prefiure  of  the  included  air  upon  the 
fubjacent  mercury,  mult  be  equivalent  to  the  weight  of  the  atmofphere  ? 
yet  experience  Ihews,  that  the  weight  of  the  atmofphere  will, upon  fudion, 
raife  quick-filver  to  the  height  of  feveral  inches. 

To  clear  this  difficulty,  and  Ihew  that  it  is  not  infuperable,  let  us  confi- 
der,  that  I make  indeed  the  fpring  of  the  comprefled  air  to  be  equivalent 
to  the  weight  of  the  compreffing  mercury  *,  and  I have  a manifelt  rea- 
fon  to  do  it  j becaufe  if  the  fpring  of  the  air  were  not  equivalent  to  that 
weight,  the  mercury  mull  necefiarily  comprefs  the  air  further ; which  it 
is  granted,  in  fad,  not  to  do.  But  then,  in  our  cafe,  there  ought  to  be 
a great  difference  between  the  operation  of  the  fpring  of  the  included  air, 
and'the  weight  of  the  atmofphere,  after  fudion  has  been  once  begun.  For 
the  weight  of  the  atmofphere,  that  impels  up  mercury,  and  other  fluids, 
when  fudion  is  made  in  the  open  air,  continues  ftill  the  fame  ; but  the 
force  or  prefiure  of  the  included  air,  is  equal  to  the  counter-preflure  of 
the  mercury,  no  longer  than  the  firfi:  moment  of  fudion  *,  after  which, 
the  force  of  the  imprifon’d  air  fiill  gradually  decreales ; fince  this  com- 
prefied air,  being  more  and  more  expanded,  muff  needs  have  its  fpring 
proportionably  weakened  ; fo  that  it  is  no  wonder  that  the  mercury  was 
not  fuck’d  up  any  more  than  we  have  faid ; for  there  was  nothing  to 
make  it  afcend  to  a greater  height,  than  that  at  which  the  weakened 
fpring  of  the  expanded  air  was  brought  to  balance  the  undiminiffi’d, 
and  indeed  fomewhat  increafed  weight  of  the  mercurial  cylinder,  in  the 
longer  leg  *,  and  the  prefiure  of  the  cylinder  of  air,  in  the  fame  leg,  lef- 
fened  by  the  adion  of  him  who  fuck’d.  F or  when  the  orifice  of  this  leg 
Hood  open,  the  mercury  was  prefied  upon  by  a cylinder  of  the  atmofphe- 
ricai  air  , equivalent  to  about  30  inches  of  quick-filver  •,  but  by  the 
mouth  and  adion  of  him  who  fuck’d,  the  tube  was  freed  from  the  ex- 
ternal air  i and  by  the  dilatation  of  his  thorax,  the  neighbouring  air. 
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pneumatics t}iat  hac]  a free  paflage  thro’  his  wind-pipe  to  it,  was  proportionably  ex- 
panded,  and  had  its  fpring  and  preflure  weakened  ; by  which  means  the 
comprefled  air  in  the  fhorter  leg  of  the  fiphon,  was  enabled  to  impel  up 
the  mercury,  till  the  equilibrium  was  attained.  And  I muft  here  take  no- 
tice, that  as  the  quick-filver  was  raifed  by  fudtion  but  a little  way,  fo  the 
cylinder  raifed  was  a very  long  one  ; whereas,  when  the  mercury  is  fuck’d 
up  in  the  free  air,  it  is  feldom  raifed  to  half  that  length  ; tho\  as  I noted 
before,  the  impellent  caufe,  which  is  the  weight  of  the  atmofphere,  con- 
tinued dill  the  fame  ; but  in  our  fiphon,  when  the  mercury  was  fuck’d  up 
only  an  inch,  the  comprefled  air,  pofle  fling  double  the  fpace  it  did  before, 
had,  by  this  expanfion,  already  loft  a very  confiderable  part  of  its  former 
fpring  and  preflure. 

Among  the  more  familiar  phenomena  of  the  air-pump,  none  leaves  fo 
great  a fcruple  in  the  minds  of  fome  fort  of  men,  as  that,  when  one’s  finger 
is  laid  clofe  upon  the  orifice  of  the  little  pipe,  by  which  the  air  paflfes  from 
the  receiver  into  the  exhaufted  cylinder,  the  pulp  of  the  finger  is  made  to 
enter  confiderably  into  the  cavity  of  the  pipe ; which  doth  not  happen 
without  a moderate  fenfe  of  pain  in  the  lower  part  of  the  finger  ; for  moft 
of  thofe  who  are  ftrangers  to  hydroftatics,  perfuade  themfelves  that  they 
feel  this  painful  protuberance  of  the  pulp  of  the  finger,  to  be  effected  not 
by  preflure,  but  diftin&ly  by  attraction. 

To  this  we  anfwer,  that  common  air  being  a body  not  deftitute  of 
weight,  the  phenomenon  is  clearly  explicable  by  the  preflure  of  it;  for 
when  the  finger  is  firft  laid  upon  the  orifice  of  the  pipe,  no  pain  nor  fwel- 
iing  is  produced  ; becaufe  the  air  which  is  in  the  pipe,  preflfes  as  well 
againft  that  part  of  the  finger  which  covers  the  orifice,  as  the  ambient  air 
doth  againft  the  other  parts  of  the  fame  finger.  But  when,  by  pumping, 
the  air  in  the  pipe  is  made  to  pafs  out  of  that  into  the  exhaufted  cylinder, 
there  is  nothing  left  in  the  pipe,  whofe  preflure  can  any  thing  near  ba- 
lance the  undiminifh’d  preflure  of  the  external  air  on  the  other  parts  of 
the  finger  ; and  confequently,  that  air  thrufts  the  moft  yielding  and  flefhy 
part  of  the  finger  into  the  place  where  its  preflure  is  unrefifted  ; that  is,  in- 
to the  cavity  of  the  pipe,  where  this  forcible  intrufion  caufeth  pain. 

To  illuftrate  this,  we  took  a glafs  pipe,  of  a convenient  length,  open 
at  both  ends,  whofe  cavity  was  near  an  inch  in  diameter.  To  one  end  of 
this  pipe,  we  caufed  to  be  firmly  ty’d,  a piece  of  very  fine  bladder,  that 
had  been  oil’d,  to  make  it  both  very  limber,  and  unapt  to  admit  water  ; 
and  care  was  taken,  that  the  piece  of  bladder  ty’d  on,  Ihould  be  large 
enough,  not  only  to  cover  the  orifice,  but  to  hang  loofe,  fomewhat  be- 
neath it.  This  done,  we  put  the  cover’d  end  of  the  pipe  into  a tall  glafs 
body  ; and  the  pipe  being  held  fo,  that  the  end  of  it  reach’d  almoft  to 
the  bottom  of  the  glafs,  we  caufed  water  to  be  poured,  both  into  this  vef- 
fel,  and  into  the  pipe,  at  its  upper  orifice,  which  was  left  open,  that  the 
water  might  afcend  equally,  both  without  and  within  fide  of  it.  And 
when  the  glafs  body  was  full  of  water,  and  the  fame  liquor  level  to  it, 
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ora  little  higher  within  the  pipe,  the  bladder  at  the  lower  orifice  was  kept PxEUMAT,c* 
plump;  becaufe  the  water,  within  the  pipe,  did,  by  its  weight,  prefs 
as  forcibly  downwards,  as  the  external  water,  in  the  large  glafs,  endea- 
voured to  prels  it  inwards  and  upwards.'  Then  we  caus’d  part  of  the 
water  in  the  pipe,  to  be  taken  out  of  it,  by  a piece  of  fpunge,  or  by  fusi- 
on with  a fmaller  pipe ; upon  which,  the  water  remaining  in  the  pipe* 
being  no  longer  able,  thro’  want  of  weight,  to  prefs  againft  the  infide  of 
the  bladder,  near  fo  forcibly  as  it  did  before  *,  the  external  water,  whofe 
weight  was  not  lefTen’d,  prefs’d  the  fides  and  bottom  of  the  bladder, 
whereto-  it  was  contiguous,  into  the  cavity  of  the  pipe,  and  thruft  it  up 
therein  fo  ftrongly,  that  the  diftended  bladder  made  a kind  of  hemif- 
phere  within  the  pipe.  Here,  then,  we  have  a protuberance,  like  that 
abovementioned  of  the  finger,  effected  by  pulfion,  not  attradion  ; and, 
in  a cafe  where  there  can  benojuft  pretence  for  having  recourfe  to  nature’s 
abhorrence  of  a vacuum  •,  fince  the  upper  orifice  of  the  pipe  being  left  wide 
open,  the  air  might,  freely,  pafs  in  and  out. 

The  like  fwelling  of  the  bladder,  we  could  procure,  without  taking 
out  any  of  the  internal  liquor,  by  plunging  the  pipe  deeper  into  the  water  ; 
for  then  the  external  liquor  having  by  its  increafe  of  depth,  a greater 
prefiure  on  the  outfide  of  the  bladder,  than  the  internal  liquor  had  on  the 
the  infide  of  it,  the  bladder  mull  yield  to  the  ftronger  prefiure,  and  con- 
fequently  be  impell’d  up. 

If  the  bladder,  lying  loofe  at  the  lower-end  of  the  pipe,  the  upper-end 
were  carefully  clofed,  that  the  air  might  not  get  out  ; and  if  the  pipe, 
thus  clofed,  were  thrult,  almoft,  to  the  bottom  of  the  water,  the  blad- 
der would  not  be  protuberant  inwards,  as  formerly  •,  becaufe  the  included 
air,  by  virtue  of  its  fpring,  refilled,  from  within,  the  prefiure  of  the  ex- 
ternal water  againft  the  outfide  of  the  bladder.  But  the  upper  orifice  of 
the  pipe  being  unftopp’d,  the  air,  before  comprefs’d,  having  liberty  to  ex- 
pand itfelf,  and  its  elafticity  being  weaken’d  thereby  •,  the  external  water 
would,  fuddenly,  with  noife,  drive  up  the  bladder  into  the  cavity  of  the 
pipe,  and  there  keep  it  very  protuberant. 

To  obviate  an  objedtion,  that  might  be  brought,  thro’  want  of  skill 
in  hydroftatics,  I caus’d  fuch  a pipe,  as  the  former,  to  be  fo  bent,  near 
the  lower-end,  that  the  orifice  of  it  flood  quite  on  one  fide,  in  a right 
angle.  This  lower-orifice  being  fitted  with  a bladder,  and  the  pipe, 
with  its  contained  liquor,  being  thruft  underwater,  after  the  former  man- 
ner ; the  lateral  prefiure  of  the  water  forced  the  bladder  into  the  Ihort 
horizontal  leg,  and  made  it  protuberant  there,  as  it  had  done  when  the 
pipe  was  ftreight. 

Laftly,  that  the  experiment  might  not  appear  confined  to  one  liquor  ; 
inftead  of  water,  we  put  into  the  ftreight  pipe,  as  much  red-wine  as 
was  requifite  to  keep  the  bladder  bulging,  when  near  the  bottom  of  the 
water ; and  then  faw  the  fuperficies  of  the  red  liquor,  in  the  pipe,  was 
much  higher  than  that  of  the  external  water:  and,  if  the  depth  of 
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Pneumatics  both  liquors,  were  proportionably  lefien’d,  the  difference  of  height  be- 
twixtthe  two  furfaces,  would,  indeed,  as  it  ought,  decreafe;  but  ftill 
the  furface  of  the  wine  would  be  the  higher  of  the  two  ; becaufe,  being 
lighter  in  fpecie,  than  common  water,  the  equilibrium  between  the  pref- 
fures  of  the  two  liquors,  upon  the  bladder,  would  not  be  maintained,  un- 
lefs  a greater  height  of  wine  fupply’d  its  want  of  fpecific  gravity.  And, 
if  the  pipe  were  thruft  deeper  into  the  water,  the  bladder  would  be  made 
protuberant  inwards,  as  when  it  contained  water.  5Tis,  therefore,  evi- 
dent, that  thefe  phenomena,  without  recourfe  to  attratt  ion,  maybe  ex- 
plained barely  from  the  equilibrium  of  liquors. 


The  End  of  the  Second  Volume. 
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